$VVHVVLQJ 7KH (URGLELO
OHGLD LQ 6RXWKZHVWHURQ
6LWX OLQL -(7 OHWKRGHF

E\
&DOHE -HIITHULHV

$ WKHVLV
SUHVHQWHG WR WKH 8QLYHUVLW\ Rl :DWHUORR
LQ IXOILOOPHQW RI WKH
WKHVLY UHTXLUHPHQW IRU WKH GHJUHH RI
ODVWHU RI $SSOLHG 6FLHQFH
LQ
&LYLO (QJLQHHULQJ

:DWHUORR 2QWDULR &DQDGD

«<&DOHE -HIIHULHV



$87+25 6 '(&/$5%$7,21

, KHUHE\ GHFODUH WKDW , DP WKH VROH DXWKRU RI WKLV WKHV
UHTXLUHG ILQDO UHYLVLRQV DV DFFHSWHG E\ P\ HIDPLQHUYV
, XQGHUVWDQG WKDW P\ WKHVLV PD\ EH PDGH HOHFWURQLFDOO\

LL



$EVWUDFW

'HVSLWH UHVHDUFK LQGLFDWLQJ WKDW WKH UHVLVWDQFH RI FRI
JHRORJLF PHGLD UHJXODWRUV DQG LQGXVWU\ LQ 6RXWKHUQ 20Q
JHRORJLF ODQGVFDSHV ZKHQ DVVHVVLQJ WKH HURVLRQ SRWHQW
GHYHORSPHQW Rl WKH PLQL -HW (URVLRQ 7HVW -(7 PHWKRGRO]
WKH UHVLVWDQFH RI FRKHVLYH PHGLD WR HURVLRQ KRZHYHU L
WKHUH UHPDLQ NQRZOHGJH JDSV LQ WKH LQWHUSUHWDWLRQ RI

-(7 GDWDVHW RI LQ VLWX WHVWYV VSDQQLQJ VLWHV DQG G
JUDGLHQW RI ZHDWKHUHG PDWHULDO ZLWKLQ -(7 VFRXU KROHYV

ZKHUH HDFK -(7 LV VHSDUDWHG LQWR D VHIJPHQW UHSUHVHQWLQ
XQGHUO\LQJ XQZHDWKHUHG OD\HU 7KLV PHWKRG RI DQDO\VLV
WKH GHSWK Rl WKH ILUVW VHJPBQG® DR FHWIRGILEIZO LWHRHBRIHV M B HH/C
HVWLP DJ\DHEGEEKBIUDPHWHUV WKH -(7 GDWDVHW LV DQDO\]JHG XVLQ.
WHFKQLTXHV 6FRXU 'HSWK OHWKRG 6' %ODLVGHOO OHWKRG %
DQG WKH VHQVLWLYLW\ Rl WKHVH VROXWLRQ WHFKQLTXHV WR -(
DVVHVVHG ,W LV GHPRQVWUDWHG WKDW %0 LV WKH PRVW VHQV
WR PHDVXUHPHQW IUHTXHQPA UTRKEHX M WWLRDWLBRUDWLRQ DQG PH
IUHTXHQF\ RQ D VLWH VFDO H GKRY® EHUV N\HZHH & \R/QL B DWL MRHQ VFEID O |
ORQJHU WKDQ PLQXWHV DUH FRPSDUHG WR WHVWV VKRUWHU

8VLQJ WKH GHSWK RI WKH ILUVW VHIPHQW DV D VXUURJDWH IRU
WHVWYVY DUH VKRZQ WR KDYH D KLJKHU SUHVHQFH RI ZHDWKHUHG
WHVWYV KLIKHU RQ EDQNV KDYH D JUHDWHU SUHVHQFH RI ZHDWK
RU DORQJ WKH VWUHDPEHG 1R GLIITHUHQFHYVY LQ WKH SUHVHQFH
JHRORJLF XQLWYV

6' DQG /5 KDYH FORVH DJUHH PHPS DRIV WE H HMDIWPHW ARRLGHQF
UHSUHVHQWDWLYHQHVYV EXW WKH\ G LYGMHHWOCEV YWORHAMDEDLA R
UHSUHVHQWDWLYHQHVV Rl WKDW SDUDPHWHU +DOWRQ 7LOO LV
FRPSDUHG WR WKH JURXSHG UHVXOWV Rl DOO WKH JHRORJLF XQ

LLL



PHDQ RI 3D PD\ KDYH OLPLWHG L PsSEDW FIDQMGLR'Q G XD OH\Q WKW UD
HKB,Ql1A=Ji,,Q [EDiy,

&RPSDULQJ WHVWYV IURP VXPPHU DQG HDUO\ VSULQJ DW WKH VDI
VLIQLILFDQWO\ LQFUHDVH WKH SUHVHQFH RI WKH VXUILFLDO ZH
VKHDU VWUHVV RI WKH XQGHUO\LQJ XQZHDWKHUHG PDWHULDO
ZHDWKHUHG PDWHULDO FRUUHVSRQGLQJ WR VHDVRQDO IUHVKHYV
EH UHVSRQVLEOH IRU DQ RXWVL]JHG DPRXQW RI HURVLRQ LQ VWL
KHDGZDWHU V\VWHPV ZLWK VKRUWHU PRUH IUHTXHQW K\GURJUL
LQGXVWU\ VKRXOG SODFH KLJKHU LPSRUWDQFH RQ FRQVLGHULQ
IUHTXHQF\ RI GHWULWLRQ DQG UHIJHQHUDWLRQ RI WKH VXUILFLEL
IRFXV RQ UHODWLQJ WKH LPSRUWDQFH RI ZHDWKHULQJ SURFHVV
ZDWHUVKHG VLIH ODQG XVH DQG VWRUPZDWHU PDQDJHPHQW W

LY



$FNQRZOHGJHPHQWYV

J)LUVW DQG IRUHPRVW |, ZRXOG OLNH WR WKDQN P\ DGYLVRU 'U
GLUHFWLRQ DQG JXLGDQFH UHTXLUHG WR FRPSOHWH WKLV ZRU
DQG WDNH RZQHUVKLS RI P\ UHVHDUFK KDV DGGHG SHUVSHFWLY
%LOO LQYDOXDEO\ QXUWXUHG P\ FXULRVLW\ DURXQG WKH FRPSC
RSSRUWXQLWLHYVY WR DVN TXHVWLRQV DQG WKHQ EHVWRZLQJ XS
XQGHUJUDGXDWH UHVHDUFK DVVLVWDQWVKLSY FR RS SODFHPH
IXQGDPHQWDO WR P\ DFDGHPLF DQG SURIHVVLRQDO GHYHORSPH

, ZRXOG OLNH WR WKDQN 'U %HQ 30XPE IRU KLV JXLGDQFH WKR
DFFHVV WR GLVFXVV DQ\WKLQJ ULYHU UHODWHG DQG ZLOOLQJQ
KDOI KRXU GLVFXVVLRQ +LV HOQWKXVLDVP IRU ULYHUV LV FRQWI
SURFHVVHVY DQG UHVHDUFK SXUVXLWYV KDV EHHQ LUUHSODFHDEC

7TKDQNV DUH DOVR UHTXLUHG WR WKH WHDP DW *HR3URFHVV 5H\
DQG .HQ *ODVEHUJHQ IRU HQVXULQJ WKDW WKH DFDGHPLD RI W
SURYLGLQJ IXQGLQJ DVVLVWDQFH WR FRPSOHWH WKH H[WHQVLY

, ZRXOG DOVR OLNH WR WKDQN DOO WKH UHVHDUFKHUV ZKRVH Z
DUH UHTXLUHG WR ,PUDQ .KDQ ZKRVH UHVHDUFK DQG LQVLJKWIX
ZRUN WR IROORZ 'U *DU\ )R[ ZKR SURYLGHG WKH -HW (URVLRQ ¢
'DO\ DQG 'U $QGUHZ 6LPRQ IRU DOORZLQJ PH WR FRQVXOW KLV
FRKHVLYH PHGLD

IDVWO\ , ZRXOG OLNH WR WKDQN 'U /RUHQ]R %YULJQROL ZKR ILU
HQFRXUDJHG PH WR GHYRWH P\ WLPH WR WKHP

, ZRXOG OLNH WR DFNQRZOHGJH WKH IXQGLQJ FRQWULEXWLRQV
SHVHDUFK &RXQFLO Rl &DQDGD &DQDGD *UDGXDWH 6FKRODUVKL
':DWHUORR )DFXOW\ Rl (QJLQHHULQJ (QJLQHHULQJ ([FHOOHQFH )
&RQVHUYDWLRQ $XWKRULW\ $00DQ +ROPHV 6FKRODUVKLS 7KH
WKH FRPSOHWLRQ RI WKLV ZRUN



'HGLFDWLRAQ

'"HGLFDWHG WR P\ SDUHQWYV 7HG DQG -XGLH -HIITHULHV ZKR LQV
UHTXLUHG WR FRPSOHWH WKLV ZRUN
1R PDQ HYHU VWHSV LQ WKH VDPH ULYHU WZLFH )RU LWYV QRW

+HUDFOLWXYV

YL



/TDEOH RI &RQWHQWYV
$87+25 6 '(&/$5%$7,21
$EVWUDFW
$FNQRZOHGJHPHQWYV
'HGLFDWLRQ
ILVW RI )LIXUHYV
/ILVW Rl 7TDEOHYV
/ILVW Rl $SEEUHYLDWLRQV
/ILVW RI 6\PEROV
&KDSWHU ,QWURGXFWLRQ
&KDSWHU /LWHUDWXUH 5HYLHZ
)DFWRUV FRQWULEXWLQJ WR UHVLVWDQFH WR HURVLRQ LQ F
ORGHOOLQJ HURVLRQ RI FRKHVLYH VRLOV
OHWKRGV RI PHDVXULQJ HURVLRQ LQ FRKHVLYH PDWHULDO
$SSOLHG VKHDU VWUHVV IURP LPSLQJLQJ MHWV
6RXUFHV Rl HUURU LQ -(7V
&RQILQHG HQYLURQPHQW
6PRRWK VXUIDFH
)ODW VXUIDFH
3UHVHQFH RI VWRQHV DQG VDQG
-(7 VROXWLRQ WHFKQLTXHV
JLHOG ,PSOHPHQWDWLRQ RI -(7 PHWKRGRORJ\
,QIOXHQFH Rl PDWHULDO KHWHURJHQHLW\ RQ -(7V
6XUILFLDO JHRORJ\ Rl BRXWKZHVWHUQ 2QWDULR
&KDSWHU )LHOG OHWKRGRORJ\
6LWH VHOHFWLRQ
(TXLSPHQW
J)LHOG -(7 GDWD FROOHFWLRQ
BHDVRQDO ,QIOXHQFHYV
&KDSWHU B5HVXOWYV Rl )LHOG &DPSDLJQ

JLHOG FDPSDLJQ VXPPDU\
YLL



6 XLWDELOLW\ RI -(7 PHWKRGRORJ\ DW VWXG\ VLWHYV
&KDSWHU $QDO\WLF OHWKRGRORJ\
THVW VHIPHQWDWLRQ
S5HVDPSOLQJ PHWKRGRORJ\ IRU XQFHUWDLQW\ DQDO\VLYV
&XO0OO0OLQJ RI -(7 GDWDVHW IRU XQFHUWDLQW\ DQDO\VLYV
7\SH (URGLELOLW\ 3DUDPHWHUV
'"HSWK RI 7\SH UHJLRQ
&KDSWHU BS5HVXOWYV
THVW 6HIPHQWDWLRQ
8QFHUWDLQW\ DQDO\VLV RI HURGLELOLW\ SDUDPHWHUYV
8QFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHUV FDXVHG E\ \
8QFHUWDLQW\ IURP PHDVXUHPHQW IUHTXHQF\
(URGLELOLW\ SDUDPHWHUV RI WKH 7\SH UHJLRQ RI WHVWYV
*HRORJLF FRPSDULVRQ
$W $ 6WDWLRQ FURVV VHFWLRQ VDPSOH ORFDWLRQ FRPSI
SDUDPHWHUYV
7\SH O5HJLRQ FRPSDULVRQ
6HDVRQDO LQIOXHQFHV RQ -(7 UHVXOWYV
&KDSWHU 'LVFXVVLRQ
$SSOLFDWLRQ RI PLQL -(7 PHWKRGRORJ\
8QFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHUY GHULYHG IURP
7\SH 5HJLRQ HURGLELOLW\ SDUDPHWHUYV
7THVW VHIPHQWDWLRQ DQG GHSWK RI 7\SH UHJLRQ
6HDVRQDO LQIOXHQFH LQ HURVLRQ RI FRKHVLYH PDWHULDO
JUHTXHQF\ RI ZHDWKHULQJ DQG GHWULWLRQ F\FOH RI FRKHYV
&KDSWHU &RQFOXVLRQV
&KDSWHU S5HFRPPHQGDWLRQV IRU )XWXUH 5HVHDUFK
SHIHUHQFHYV
$SSHQGL[ $ 6WXG\ 6LWHV DQG 6LWH 3KRWRV
$SSHQGL[ % 7HVW 3KRWRV
$SSHQGL[ & &RHIILFLHQW RI 'LVFKDUJH &DOLEUDWLRQ

YLLL



$SSHQGL[ "' -(7 4AXDOLWDWLYH 2EVHUYDWLRQV ILHOG QRWHYV
$SSHQGL[ ( 7HVW 6HIPHQWDWLRQ 5HVXOWYV

$SSHQGL[ ) 7\SH 5HJLRQ (URGLELOLW\ 3SDUDPHWHUYV
$SSHQGL[ * &RQILQHPHQW (IIHFW ZLWKLQ WKH PLQL -(7 $SSDUD
$SSHQGL[ + &RUUHFWLQJ 6' DQG /5 )DLOXUHV

$SSHQGL[, 6FRXU 'HSWK YV 7LPH 30RWYV

L



ILVW Rl )LIXUHV

JLIXUH OLQL -(7 VFKHPDWLF

JLIXUH 6XEPHUJHG LPSLQJLQJ FLUFXODU K\GUDXOLF MHW DQG
IURP +DQVRQ HW DO %HOWDRYV DQG 5DMDUDWQDP

JLIXUH 6WXG\ VLWH ORFDWLRQYV

JLIXUH +LVWRJUDPV RI D 7HVW GXUDWLRQ E OD[LPXP VFRXU
=HUR SRLQW JDJH UHDGLQJV

JLIXUH )DFWRUV LQIOXHQFLQJ WKH UHSUHVHQWDWLYHQHVV RI
'KLUO &UHHN E VDQGV FDXVLQJ DEUDVLRQ GXULQJ WHVW D!
DW )& G OD[LPXP VFRXU QRW DOLJQLQJ ZLWK PHDVXULQJ SR

JLIXUH 2XWOLQH RI DQDO\VLV ZRUNIORZ

JLIXUH &RQFHSWXDOL]DWLRQ RI WHVW VHIPHQWDWLRQ

JLIXUH 'HPRQVWUDWLRQ RI VHIJPHQWDWLRQ GHSWK GHPDUFDW

J)LIXUH 'DWD 6FHQDULRYV XVHG WR DVVHVV XQFHUWDLQW\ RI -(
VHIPHQWDWLRQ DQG E PHDVXUHPHQW IUHTXHQF\ DQG VHJP

JLIXUH 6WUHDP FURVV VHFWLRQ WHVW DUHDV

JLIXUH D FRPSDULVRQ RI WKH UHVXOWV RI WKH 9$ 015 DQG |
GHWHUPLQLVWLF VHIPHQWDWLRQ GHSWK FRQILUPHG E\ PDQ>
UHVXOWYV IRU HDFK WHVW

JLIXUH ILPLWDWLRQV RI VHIPHQWDWLRQ WHFKQLTXHV D LQF
015 E SRWHQWLDO UDQJH RI ELDV LQ 9% ZLWK QR GLVWLQF

JLIXUH 5SHODWLRQ Rl VHIPHQWDWLRQ GHSWKV WR DYHUDJH P
PHDVXUHG E\ .KDQ $GDSWHG IURP .KDQ

JLIXUH 'LVWULEXWLRQV Rl HURGLELOLW\ SDUDPHWHUV HVWLFP
IRU GLIIHUHQW WHVW GXUDWLRQV

JLIXUH 3HUFHQW FKDQJHV LQ HURGLELOLW\ SDUDPHWHUV ZLW

JLIXUH &RPSDULVRQ RI VROXWLRQ WHFKQLTXH XQFHUWDLQW\

JLIXUH (IIHFW Rl UHVWULFWLQJ WHVW GXUDWLRQ WR PLQXV
WKH FODVVLILFDWLRQ V\VWHP RI +DQVRQ DQG B6LPRQ

JLIXUH 'LVWULEXWLRQV Rl HURGLELOLW\ SDUDPHWHUV ZLWK |

JLIXUH 3HUFHQW FKDQJHV LQ HURGLELOLW\ SDUDPHWHUV ZLW

[



YJLIXUH
YJLIXUH

&RPSDULVRQ RI VROXWLRQ WHFKQLTXH FHUWDLQW\ Ut
&RPSDULVRQ RI HURGLELOLW\ SDUDPHWHUV DFURVV $

JLIXUHR .YVt UHJUHVVLRQV RI WHVWV VSDQQLQJ $00 VLWHV DQG \

YJLIXUH
YJLIXUH
YJLIXUH
YJLIXUH
7\SH
YJLIXUH
YJLIXUH

(URGLELOLW\ SDUDPHWHUV RI 7\SH UHJLRQ EDVHG R(
5HODWLRQVKLS EHWZHHQ PD[LPXP LQLWLDO VKHDU VW
&RPSDULVRQ RI GHSWKV RI 7\SH EHWZHHQ VXEPHUJH
D &RPSDULVRQ RI GHSWK Rl 7\SH EHWZHHQ VXPPHU
HURGLELOLW\ SDUDPHWHUV EHWZHHQ VXPPHU DQG VS
&RPSDULVRQ RI 6" DQG /5 HURGLELOLW\ SDUDPHWHUYV
&RPSDULQJ GLIITHUHQFHYVY LQ PHDQ RI FULWLFDO VKHD

UDQJHY DW LQGLYLGXDO VLWHYV

JLIXUH
JLIXUH

&\FOH DQG VWDJHV RI ZHDWKHULQJ JRYHUQLQJ HURVL
,QIOXHQFH RI ZDWHUVKHG VL]H RQ WKH LPSRUWDQFH

[L



7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

ILVW RI 7TDEOHYV

SURSHUWLHYV DIITHFWLQJ UHVLVWDQFH WR HURVLRQ L
-(7 VROXWLRQ WHFKQLTXHV

5DQJH RI PHDVXUHPHQW IUHTXHQF\ DQG WHVW GXUDWL
6WXG\ VLWHYV

7\SLFDO WHVW PHDVXUHPHQW VFKHGXOH

,QIOXHQFLQJ )DFWRUV &RQVLGHUHG 'XULQJ )LHOG *UDC
4XDOLW\ DVVXUDQFH FXOOLQJ RI -(7V E\ WHVW VLWH
'DWD LQSXW VFHQDULRV IRU XQFHUWDLQW\ DQDO\VLV F
SRSXODWLRQ 6FUHHQLQJ IRU XQFHUWDLQW\ DQDO\VLV
6HIPHQWDWLRQ WHFKQLTXHYVY UHVXOWLQJ LQ GHWHUPL

GLIITHUHQWLDWLRQ

7TDEOH

(I"THFW RI VHIPHQWDWLRQ RQ WKH XQFHUWDLQW\ RI HL

GXUDWLRQ

7TDEOH
7TDEOH

OHDQ HURGLELOLW\ SDUDPHWHUV RI 'DWD 6FHQDULR
(I"THFW RI VHIPHQWDWLRQ RQ PDIJQLWXGH EDVHG FRQ\

HURGLELOLW\ SDUDPHWHU ZLWK WHVW GXUDWLRQ

7TDEOH

7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ W

GXUDWLRQ LQ WKH HVWLPDWLRQ RI FULWLFDO VKHDU VWUHYV

7TDEOH

7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ W

GXUDWLRQ LQ WKH HVWLPDWLRQ RI WKH HURGLELOLW\ FRHII

7TDEOH 5DQNLQJ RI VROXWLRQ WHFKQLTXH FHUWDLQW\ WR WH

7TDEOH 7THVW GXUDWLRQ LQIOXHQFH RQ VLWH FKDUDFWHUL]DW

7TDEOH 7 WHVW UHVXOWY RI FKDQJLQJ PHDVXUHPHQW ITUHTXHC

7TDEOH 7 WHVW UHVXOWY RI FKDQJLQJ PHDVXUHPHQW ITUHTXHC

7TDEOH (lIMMTHFW RI VHIPHQWDWLRQ RQ XQFHUWDLQW\ RI HURGLE
I[UHTXHQF\

7TDEOH 7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ WH

PHDVXUHPHQW IUHTXHQF\ LQ WKH HVWLPDWLRQ RI FULWLFDC

7TDEOH

7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ W

PHDVXUHPHQW IUHTXHQF\ LQ WKH HVWLPDWLRQ RI WKH HURC

[LL



7TDEOH
7TDEOH
7TDEOH
7TDEOH
7TDEOH

5DQNLQJ RI VROXWLRQ WHFKQLTXH FHUWDLQW\ IURP P
OHDVXUHPHQW IUHTXHQF\ LQIOXHQFH RQ VLWH FKDUDF
5SHIJUHVVLLR @ HGIMWQ R/QVKIL SV

&ULWLFDO VKHDU VWUHVY UDQJHYV IRU JHRORJLF XQLW
(URGLELOLW\ FRHIILFLHQW UDQJHV IRU JHRORJLF XQL\

[LLL



ILVW RI $EEUHYLDWLRQV

$0 $GDSWLYH P

% ( %ODLVGH

& &RPELQHG HURVLRQ W\SHL WHZLW VHJPHQ
'&9 '"T$XELIQ\ &UHHN

(URGLELOLW\ SDYDRHWHUYV

)& JOHWFKHUOLVVL\

) ) )XOO / )LHOG 'DWI

)/ 1= )XOO / 1R =HUR (URVLRQ 3R

*0 *LOO PHWKRG RI V

*5/ *DLQVERURXJK 5D

*7 *ULQGVWRQH &UHHN 7U

*794 *UHDWHU 7R

+ ¢ +LJKODQG &UHHN

+55¢( +LJK UHVROXWLRQ ¢

) ,(QWHQVLW\ 'XUDWLRQ )UH

- -HW (UR\

.l .UXVv:DO

/168 /IDXUHO &UHHN DW 8QLYHUVLW

/5 /ILQHDU 5HJUH\

0&( OLPLFR &UHHN

015 OD[LPXP QRUP UHVLGXDO PHYV
03¢ OXOWL 3UHV

109 1LWK 5LYHU

17, $PXOUHH &UH

53 BHGXQGDQW 3

6' 6FRXU "HSW

63 6LQJOH 3UH\

67 )XOO / 6WDQGD PLQXWH UHDGLQ
67 )XOO / 6WDQGD PLQXWH UHDGLQJV ZLWK UL
67 )XOO / 6WDQGDIPLQXWH UHDGLQ
67 )XOO / 6WDQGDIPLQXWH UHDGLQJV ZLWK UL
7& TURXW &UHHNM

7 7\SH HURVLRZL VHIJPHQ

7\St (URVLRQ RI VXUILFLD

7\St (URVLRQ RI XQGHUO\LQJ

94 9LVXDO DVVHVVPHQW PHW

:&0 :KLUO &UHHN

&1 :HVW &UHHN D\

: PLC 1R =HUR (URVLRQ 3R
: PLC 1R =HUR (URVLRQ 3R/
: PLC 1R =HUR (BRLQWYV 'DV
: PLC 1R =HUR (URVLRQ 3R/
: PLC 1R =HUR (URVLRQ 3R/

[LY
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/ILVW RI 6\PEROV

QXPEHU RI VHIJPHQWY LQ WKH *LOO PHWKRG RI VHIPHQWDWLRC
QXPEHU RI GDW I¥V$SHRILIFQMOW LIQQ WKKH M LO O PHWKRG RI VHIJPHQWD
GLIIXVLRQ FRHII

FRHIILFLHQW RI IULFWLRQ XQLWOHVV

GLDPHWHU RI .

GHSWK . €7

KHLJKW RI QR]]JOH IUI.

'LVWDQFH WKDW WKH MHW SRWHQWLDO FRUH H[WHQGV IURP M
HURGLELOLW .6/ 7 ¢t

HURGLELOLW\ FRHIILFLHQW HVWL .6/ ?f ¢t

HURGLELOLW)\ FRHIILFLHQW HVWLPDWE .6/ ?f ¢t

HURGLELOLW)\ FRHIILFLHQW HVWLPI .€/ 7% ¢t

HURGLELOLW\ FRHIILF EDVHG H[FHVV VKF .t ¢

PDVV RI HURGH €7

HPSLULFDO H[SRQHQW LQ GHSWK EDVHG H[FHVV VKHDU VWUHYV
HPSLULFDO H[SRQHQW LQ PDVV EDVHG H[FHVV VKHDU VWUHVV
UDGLDO GLVWDQFH IURP VWD..

5DWLR RI VXP RI VIXDUHV ZLWKLQ VXEVHJPHQWY DQG EHWZHH
VHIPHQWDWI

FRHIILFLHQW Rl GHWHUPLQDWLRQ XQLWOHVV

VXP RI VIXDUH' VHIPHQWYV RI WKH *LOO P.t¢?¢

VXP RI VIXDUFVHIJPHQW RI WKH *LOO P:.t¢€%;

PD[LPXP YHORFLW\ RI |0. €7

YHORFLW:. €7¢;

PD[LPXP ZLGWK F:.;

W KNS R L QW WQHWRIQMY LQ WKH *LOO PHWKRG RI VHIPHQWDWLRQ
WKH PHD®NRH MWKIOWM LQ WKH *LOO PHWKRG RI VHIPHQWDWLRQ

PD[LPXP PHDVXUHG GF:.;

VWDWLVWLFDOO\ VLIJQLILFDQW LQFUHDVH LQ YDULDEOH XQLW
VWDWLVWLFDOO\ VLIQLILFDQW GHFUHDVH LQ YDULDEOH XQLW
QR VWDWLVWLFDOO\ VLIJQLILFDQW FKDQJH LQ YDULDEOH XQLW

*UHHN 6\PEROV

3
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PDVV GHQVLW.?";

FULWLFDO \/ .7%¢?¢

FULWLFDO VKHDU VWUHVV HVWL/ .?t¢?¢

FULWLFDO VKHDU VWUHVV HVWLPI/ .?t¢?¢

FULWLFDO VKHDU VWUHVV HVWLPDWI/ .?%¢?€

DSSOLHG V / .?fte?¢

PD[LPXP DSSOLHC(/ .?%€?¢

7KH FKDQJH UHVXOWLQJ IURP WHVW VHIJPHQWDWLRQ LQ PHDQ
WHVW G X

[y



&KDSWHU
, QWURGXFWLRQ

DWHUVKHGYVY LPSDFWHG E\ ODQG XVH FKDQJH DUH DOWHUHG LQ Wtk
ELRORJLFDO SURFHVVHV +\GURORJLFDO DQG VHGLPHQWRORJLFDO
FKDQJHV UHVXOWLQJ LQ H[FHVVLYH IOXYLDO HURVLRQ RI VWUHDPE
UHWUHDW ODQG ORVV GHJUDGHG ZDWHU TXDOLW\ LQFUHDVHG UL
PRUSKRORJ\ GRZQVWUHDP DJJUDGDWLRQ DQG ORVV RI DTXDWLF K
% RRWK 6KLHOGYV HW DO %ULDXG HW DO /IDZOHU

6LPRQ 7KHVH LVVXHVY FDQ GHYHORS PRVW UDSLGO\ LQ VP
FDWFKPHQWY ZKHUH H[WHQVLYH ODQG XVH FKDQJH KDV RFFXUUH(
ROPDQ OH\HU HW DO 3DXO DQG OH\HU :DOVK HW DC
&KLQ HW DO :KLWQH\ HW DO

&RQWHPSRUDQHRXV PDQDJHPHQW RI ZDWHUVKHGYV DQG ZDWHUFRX
GLVFKDUJH LQWHQVLW\ GXUDWLRQ DQG IUHTXHQF\ ,') DULVLQJ I
FKDQQHO GHJUDGDWLRQ E\ VSHFLI\LQJ WKUHVKROG OLPLWV UHOD)
EHG DQG EDQN PDWHULDOV +RZHYHU HURVLRQ WKUHVKROG FULW
JUHDWO\ VSDWLDOO\ JHRORJLFDOO\ DQG WHPSRUDOO\ DULVLQJ I
VHWWLQJV /DZOHU '\QQ HW DO 6LPRQ HW DO 0DKD
GLYHUVLW\ DQG WKH UHODWLYHO\ UHFHQW DSSOLFDWLRQ RI ,') HU
GHDUWK RI HURVLRQ WKUHVKROG LQIRUPDWLRQ SHUWLQHQW WR F
LQWHUQDWLRQDOO\ 7KLV FRQVWUDLQV WKH HIIHFWLYHQHVV RI GF
PDQDJHPHQW

7KH XQLTXH JODFLDO KLVWRU\ Rl VRXWKHUQ 2QWDULR LGHQWLILH
VLWXDWHG LQ D NP UDGLXV Rl WKH *UHDWHU 7RURQWR $UHD *7
RFFXUUHG RYHU WKH SDVW \HDUV  (DFK Rl WKHVH FRKHVLYH G
HSRFK UHVXOWLQJ LQ XQLTXH GHSRVLWLRQDO HQYLURQPHQWV ZL

PDWHULDOV DQG FRQVROLGDWLRQ KLVWRULHV :KLWH &RZDQ
.DUURZ &RZDQ 6DGR DQG 9DJQHUV .DUURZ
.DUURZ 7TKHVH JODFLDO GHSRVLWYV IRUP WKH WHUUDLQ W

VWUHDPV KDYH FDUYHG WKHLU FKDQQHOV DQG XSRQ ZKLFK FLWLH



'"HVSLWH WKH UHFHQW ILQGLQJV RI ODKDOGHU HW DO WKDW F
SK\VLRJUDSKLF UHJLRQV SRVVHVV GLVWLQFW SURSHUWLHYV JRYHU
PDWHULDOV FRPSRVLQJ WKH KHWHURJHQHRXV JHRORJ\ RI VRXWKH
LQDGHTXDWHO\ GHVFULEHG ZKHQ FKDUDFWHUL]JLQJ HURVLRQ GXUL
QHFHVVLW\ WR FROOHFW UHSUHVHQWDWLYH GDWD GHVFULELQJ Wt
VRXWKHUQ 2QWDULR DQG DVVHVV ZKHWKHU WKHUH LV DQ\ TXDQWL
SDUDPHWHUV RI WKRVH GLVWLQFW JHRORJLF XQLWYV DV WKH\ UHOI
UHKDELOLWDWLRQ VWUDWHJILHYV

7KLV UHVHDUFK FRQWULEXWLRQ LQYHVWLJIJDWHYV Rl WKH GLVW|
NP UDGLXV DURXQG WKH *7$ HPSOR\LQJ LQ VLWX PLQL -HW (URVLR
GHPRQVWUDWHG WR EH FDSDEOH RI FKDUDFWHUL]JLQJ HURVLRQ WHK

6LPRQ 6LPRQ HW DO $0 ODGKKDFKL HW DO D ODKDOC
DSSOLHG LQ WLOO PHGLD LQ 6RXWKHUQ 2QWDULR 6KXJDU HW DO
PLQL -(7 DGDSWHG IURP WKH -(7 6LPRQ HW DO LV HPSOR\HG

LPSOHPHQWDWLRQ RI WKH PHWKRGRORJ\ 7KH PLQL -(7 KDV QRW \}F
NQRZOHGJH RI WKH DXWKRU ZKLFK IXUWKHU SURYLGHY DQ RSSRUYV
LQ ILHOG VHWWLQJY DQG LWV DSSOLFDELOLW\ LQ WKH DIRUHPHQW

7KH VSHFLILF REMHFWLYHYV DVVRFLDWHG ZLWK WKLV LQYHVWLJDW
x DSSO\ WKH PLQL -(7 PHWKRGRORJ\ DFURVYV D YDULHW\ RI FRKH
2QWDULR WR DVVHVV ZKHWKHU GLITHUHQFHV LQ HURGLELOLW\
JHRORJLF XQLWYV FRPSDUHG WR OLPLWLQJ WHVWV WR WKH VD
X GHWHUPLQH ZKHWKHU VHIPHQWLQJ -(7 GDWD LV D IHDVLEOH P
KHWHURJHQHLW\ DQG ZHDWKHULQJ HQFRXQWHUHG GXULQJ LQ
X GHWHUPLQH WKH XQFHUWDLQW\ RI WKUHH -(7 VROXWLRQ WHFI
OHWKRG 6' /LQHDU 5HJUHVVLRQ OHWKRG /5 DULVLQJ IURP
IUHTXHQF\ RI VFRXU GHSWK PHDVXUHPHQWY GXULQJ WKH -(7
X SURYLGH FRQWH[W WR WKH HIIHFWV Rl VHDVRQDOLW\ RQ -(7 P
JODFLDO GHSRVLWYV



&KDSWHU
[ILWHUDWXUH 5HYLHZ

7KH HURVLRQ RI FRKHVLYH FKDQQHO ERXQGDULHYV JHQHUDOO\ RFF
DQG IOXYLDO K\GUDXOLF HURVLRQ ODVV IDLOXUH RFFXUV DORQJ ¢
WKH VRLO EORFN LQFOXGLQJ LWV ZHLIJKW YHIJHWDWLYH URRWLQJ
VRLO SURSHUW\ RI EXON VKHDU VWUHQJWK 2VPDQ DQG 7KRUQH

4XLFN $6&( 7DVN &RPPLWWHH )OXYLDO HURVLRQ DFWV R
SDUWLFOHYV DQG DJJUHIJDWHYV WKURXJK WKH VKHDULQJ IRUFH RI IC
FULWLFDO HURVLRQDO VWUHQJWK 6XWDUWR HW DO =UHLN H

LOQKHUHQWO\ LQWHUODFHG I10XYLDO HURVLRQ RIWHQ DFWV DV D S
WKH VWHHSHQLQJ RI EDQN VORSHYVY DQG WRH XQGHUFXWWLQJ UHV)
5LQDOGL DQG 'DUE\ IDZOHU HW DO 6XWDUWR HW DO

RYHUORRNHG SURFHVV RI EDQN HURVLRQ LV SUHSDUDWLRQ /DZOH
SURFHVV LV D SUHFXUVRU WR IOXYLDO HURVLRQ DQG FRQVLVWV R
DYDLODEOH IRU HQWUDLQPHQW DW VWUHVVHYV ORZHU WKDQ W\SLF
IXQGDPHQWDO EDQN HURVLRQ SURFHVV /DZOHU &RXSHU DQG

7R UHGXFH WKH ULVN RI HURVLRQ WR LQIUDVWUXFWXUH DQG SURS
DOORZ IRU SUHVFULEHG DOWHUDWLRQV WR WKH LQWHQVLW\ GXUL
WKH UDWHV RI FKDQQHO DGMXVWPHQW 7KHVH DOORZDQFHV DUH E
FKDQQHO VFDOH ZKLFK FRPELQH IORZ FKDUDFWHULVWLFV RI WKH
WKH FKDQQHO ERXQGDULHVY WR DVVHVV WKH SRWHQWLDO IRU H[FH

VWUHDP SRZHU DQG YHORFLW\ /DQJHQGRHQ HW DO +RZHYHL
VKHDU VWUHVV DVVRFLDWHG ZLWK LQFLSLHQW PRWLRQ LV FRPSOF}
/IDZOHU +DQVRQ DQG 6LPRQ \QQ HW DO ODKDOGHU

6HPL DOOXYLDO VWUHDPV LQ PDQ\ UHJLRQV RI 6RXWKHUQ 2QWDUL
JODFLDO GHSRVLWYV H[SRVHG ZLWKLQ FKDQQHO EDQNV DQG VWUHL
LQIRUPDWLRQ WR FKDUDFWHUL]H ULYHU FKDQQHOV FDUYHG ZLWKL
HURVLRQ DQG DV VXFK WKH\ DUH VXEMHFW WR RQJRLQJ LQYHVWLJ
ZDUUDQWLQJ IXUWKHU UHVHDUFK HITRUWYV E\ RWKHUV .DPSKXLV D

6KXJDU HW DO .KDQ DQG .RVWDFKXN OLHU DQG *DUF
HW DO



7KH SUHFHGLQJ VHFWLRQV LQ WKLY GRFXPHQW ZLOO FRQVLVW RI |
VRLOYY UHVLVWDQFH WR HURVLRQ KRZ WKH HURVLRQ RI FRKHVLY
(URVLRQ 7HVW -(7 OHWKRGRORJ\

JDFWRUV FRQWULEXWLQJ WR UHVLVWDQFH WR HURVLRQ LQ

7KH HURVLRQ RI FRKHVLYH VRLOV LV FRPSOH[ DQG GLYHUJHV IURP
SURFHVVHV WKDW RFFXU LQ QRQ FRKHVLYH PDWHULDO 3DUWKHQL
RI QRQ FRKHVLYH PDWHULDOV ODUJHO\ RFFXUV RQ D SDUWLFOH E\
WKH EDODQFH RI K\GUDXOLF VKHDU DQG WKH UHVLVWLYH IRUFHV ¢
%XITLQIJWRQ DQG ORQWJIRPHU\ +RZHYHU FRKHVLYH VHGLP
VXIILFLHQWO\ VPDOO WKDW DGGLWLRQDO HOHFWURVWDWLF DQG H
SDUWLFOHY PXVW EH LQFOXGHG LQ WKH IRUFH EDODQFH DW LQFLS
6LPRQ DQG &ROOLVRQ %ULDXG HW DO %ULDXG 7
IRUFHV LV LQIOXHQFHG E\ D ZLGH UDQJH RI IDFWRUV %HUODPRQW
7KHVH FDQ EH EURDGO\ FDWHJRADLEBGE, B\ WKH SSURSHWNVR HW IO
FROOHFWLRQ RI UHSUHVHQWDWLYH GDWD UHJDUGLQJ WKH HURVLR
KRZ WKH IDFWPDPEODRDL\VIVOHCGXIHRFH WKH GDWD EHLQJ FROOHFWHG D
LOWURGXFH

7TDEOBURSHUWLHYV DIIHFWLQJ UHVLVWDQFH WR HURVLRQ

6RLO 3URSHUW\ (l1!THFW RQ HURVLRQ RI FRKHVLYH \
,QFUHDVLQJ FOD\ FRQWHQW FDQ LQFUHDVH WKH QXPEHU RI SDUWLF
DFW XSRQ %ODEN HW DO *ULVVLQJHU %ULDXG HW DO

&OD\ &RQWJngU FRUUHVSRQGLQJ LQFUHDVH LQ UHVLVWDQFH WR HURVLRQ
Ij-i_l Q WKH FOD\ FRQWHQW LV DOUHDG\ KLJK GXH WR WUDGHRIIN

-XOLDQ DQG 7TRUUHYV %RQHOOL HW DO /HIHEYUH HW D
DQDJLRWRSRXORV HW DO

7KH PLQHUDORJ\ Rl WKH FOD\ IUDFWLRQ Rl WKH VRLO FDQ LQIOXHQ
WKH &DWLRQ ([FKDQJH &DSDFLW\ &(& DFWLYLW\ DQG SODVWLF

$UXODQDQGDQ HW DO OLWFKHQHU DQG 7RUIV OHKWD DQG
&OD\ ZLWK KLJKHU &(& DQG SODVWLFLW\ KDYH KLJKHU UHVLVWDQFH WF
OLQHUDORUUEHUVGRUI HW DO +RZHYHU GHSHQGLQJ RQ WKH ZDWHU F

HURGLQJ IOXLG KLJKHU &(& FDQ EH DVVRFLDWHG ZLWK PRUH VZH:
IRUFLQJ FOD\ SDUWLFOHV DSDUW DQG ORZHULQJ LQWHUSDUWLFO}!
.KDQGLD

7KH 6RGLXP $GVRUSWLRQ 5DWLR 6$5 WRWDO VDOLQLW\ S+ DQG F
RI D VRLO FDQ LQIOXHQFH D FRKHVLYH VRLOYV UHVLVWDQFH WR |
3DDVZHOO $UXODQDQGDQ HW DO $UXODQDQGDQ HW DO

3RUH :DWHU ,QFUHDVLQJ WRWDO VDOLQLW\ DQG GHFUHDVLQJ 6%$5 LQ SRUHZ

&KHPLVWHMRVLRQ E\ UHGXFLQJ WKH WKLFNQHVV RI WKH HOHFWULF GRXEO
$UXODQDQGDQ HW DO 5DXGNLYL DQG 7DQ $UXODQDQGDQ
FOD\V ZLWK KLJK &(& KDYH HURGLELOLW)\ ZKLFK LV PRUH VHQVLWLY}
UHVLVWDQFH WR H

(URGLQJ - 'a DOO\ WKH FULWLFDO VKHDU VWUHVV RI D FRKHVLYH VRLO LQ
; DVHV 3DUFKXUH DQG OHWD $UXODQDQGDQ 5DXGNL
&KHPLVWbc 1 Howy RI VDOLQLW\ EHWZHHQ WKH HURGLQJ 10X




LQFUHDVLQJ VZHOOLQJ DQG ORZHULQJ UHVLVWDQFH WR HURVLRQ
VXUIDFH LQFUHDVLQJ UHVLVWDQFH WR HURVLRQ $UXODQDQGDQ
6LPLODU DGVRUSWLRQ FDQ RFFXU ZLWK PHWDO LRQV LQ WKH ZDW}
LQGLFDWLRQV WKDW S+ FDQ DOVR LQIOXHQFH UHVLVWDQFH WR HUR

LWV UHODWLYH LPSRU'KDQGLD *UDERZ

*HQHUDOO\ KLJKHU UHVLVWDQFH WR HURVLRQ DQG KLJKHU FULWLF

GHQVLW\ /DIOHQ DQG %HDVOH\ -HSVHQ HW DO JLFN DQG
%HUODPRQW HW DO .DPSKXLV DQG +DOO +DQVRQ

+DQVRQ DQG +XQW .KDQ DQG .RVWDFKXN 7KLV FDQ EH D

6RLO 'HQWEWRLQJ DQG VWURQJHU LQWHUSDUWLFOH ERQG VWUHQJWKYV .DPSI
WR LQFUHDVH D FRKHVLYH VRLOYfV UHVLVWDQFH WR HURVLRQ GHSHC
QDWXUDO VWUXFWXUH DQG ZKHWKHU WKH FROODSVH RI WKH FOD\
ERQGV EH\RQG WKH QDWXUDO LQWDFW FOD\ VWUXFWXUH 5DXGNLY
/HIHEYUH HV

$ SRVLWLYH UHODWLRQVKLS EHWZHHQ PDFURVFRSLF EXON VKHDU P
WUHVV KDV RIWHQ EHHQ UHSRUWHG ZLWK WKH K\GUDXOLF FULWLF
ODFURVFRDFDLJELWXGH ORZHU WKDQ WKH PDFURVFRSLF VKHDU VWUHQJWK 'XQ
%XON 6KHBUWO .KDQ 3DUWKHQLDGHYV 7KH GLIITHUHQFH LQ PI
GWUHQJW)KON VKHDU DQG K\GUDXOLF FULWLFDO VKHDU VWUHVV LV EHFDXVH
RQ WKH ZHDNHVW ERQG EHWZHHQ LQGLYLGXDO SDUWLFOHV ZKHUH

SURYLGHG E\ DQ HQVHPEOH RI ERQGV DOR(

*HQHUDOO\ KLJKHU WHPSHUDWXUHYV FRUUHVSRQG WR LQFUHDVHG H
7HPSHUD\M$W VWUHVVHY &KULVWHQVHQ DQG 'DV =UHLN HW DO
LQJHU +RZHYHU LQ UHODWLRQ WR WKH VHQVLWLYLW\ RI
WHPSHUDWXUH LV QRW RI SULPDU\ LPSRUWDQFH LQ

,QWHUDFWLRQV EHWZHHQ VHGLPHQW DQG ELRWLF FRPSRQHQWV RI
LQIOXHQFHVY RQ WKH PDWHULDOYV UHVLVWDQFH WR HURVLRQ ZKLFK
%LRORJILERRVWDELOL]DWLRQ DQG ELRGHVWDELOL]DWLRQ %ODFN HW DO
,QIOXHQFEHRORJILF SURFHVV HJ GHYHORSPHQW RI ELRILOPV ELRGLVWX
QHWZRUN GHYHORSPHQW WKH FRKHVLYH VHGLPHQW{V UHVLVWDQF
*UDERZVI

6LPRQ DQG &ROOLVRQ GHPRQVWUDWHG WKURXJK ODE H[SHULPI
FKDQQHO ERXQGDU\ FDQ EXLOG XS GXULQJ D K\GURJUDSKYTV ULVLC
IDOOLQJ OLPE UHVXOWLQJ LQ DQ XSZDUG WRZDUG WKH FKDQQHO E
OLNHOLKRRG RI HURVLRQ DQG EORFN VHSDUDWLRQ OLGJOH\ HW D

S3RUH 3UHVNYWXUHNMSRQGLQJ WR KLJKHU HURVLRQ UDWHYV XVLQJ D WUHQFK LQMF
HW DO DQG 1RXZDNSR DQG +XDQJ LQYHVWLIJDWHG WKH |
HURVLRQ DQG FRQFOXGHG WKDW ZKHQ XSZDUG K\GUDXOLF VHHSD
HURVLRQ RFFXUUHG DQG ZKHQ GRZQZDUG K\GUDXOLF GUDLQDJH IF
RFFXUUHG VR H[SHULPHQWDOO\ GHPR:

ODWHULDO SURSHUWLHY DORQJ FKDQQHO ERXQGDULHV DUH QRW W
WKH GHYHORSPHQW RI D VRIWHU PRUH HURGLEOH OD\HU QHDU W
+DUULVRQ '‘DYLGVRQ $UQRWW $6&( &RXSHU DQG 0DG

7KLV FRUUHVSRQGV ZLWK WKH SUHSDUDWRU\ SURFHVV RFFXUUI

ZHDWKHULQJ SURFHVVHV HJ ZHWWLQJ GU\LQJ F\FOHV GHVLFFI
"HDWKHUL@JIPPWLRQ IUHH]H WKDZ F\FOHVY DEUDVLRQ KDYH WKH PD[LPXP LC
ODWHULDOWNDWLQJ D JUDGLHQW LQ PDWHULDO SURSHUWLHV PRYLQJ DzZD\ IUI
UHPRYDO RI VXUILFLDO SDUWLFOHYV DW VKHDULQJ IRUFHV ORZHU W

WKH XQZHDWKHUHG PDWHULDO *DVNLQ 'DYLGVRQ $UQRWW
.KDQ 7KH LQIOXHQFH WKDW ZHDWKHULQJ KDV RQ D PHGLD
VKRZQ WR YDU\ VHDVRQDOO\ :ROPDQ /IDZOHU &RXSHU DQ

ORGHOOLQJ HURVLRQ RI FRKHVLYH VRLOV

7KH H[FHVV VKHDU VWUHVV PRGHO LV IUHTXHQWO\ HPSOR\HG WR U
PRGHO UHODWHV WKHZ&HBKVRAFFIXHVRWRRQPKH VKHDU VWUHVV WKDW



iz LQ H[FHVV RI D FULWMWXOUHVKRDOG VBWUMKMDU VWUHVVHV EHORZ
HURVLRQ LV DVVXPHG QRW WR RFEXIV DKQHHHPWBR G L EDOLMR HA RIHILL HREM
WKH UDWH DW ZKLFK WKH PDWHULDO HURGHV ZKHQ WKH FULWLFDC
WHUPV RI D GHSWKQRADHVUIERRAXCRDQ WHUPV RI WKH P/DVMJRIDRDLVRIQU L D (

Loy Uiy Flig?

/I L-00:0,Fig?
7KH HPSLULF D®ODHPDIORIHHRWM Q DVVLIQHG YDOXHV RI UHVXOWLQJ I
DV D OLQHDU IXQFWLRQ RI WKH H[FHVV VKHDU LPSRVHG XSRQ WKH
9DULRXYVY UHVHDUFKHUV KDY H PURBHRVIHG GR VIH HHPGWUY.D O R HI VE
LOQFOXGHG WKDW YDULDEOH LQ WKH PRGHO ILWWLQJ SURFHVV :DC
:DKO KRZHYHU WKH LPSURYHG DELOLW\ WR ILW HPSLULFDO C
YDULDEOH LQ WKH FXUYH ILWWLQJ H[HUFLVH DQG WKH GLPHQVLRQ
RI WKH PRGHOOHG HURVLRQ WR WKH REVHUYHG HURVLRQ LW FUHI
ODFN RI UHODWLRQ RI WKH H[SRQHQWYV WR DQ\ SK\VLFDO SURSHUYV

7KHUH LV FRQVLGHUDEOH GHEDWH ZLWKLQ WKH OLWHUDWXUH DV \
ZKHWKHU WKH H[FHVV VKHDU VWUHVV PRGHO LV DQ DSSURSULDWH
9DQ 3URRLMHQ DQG :LQWHUZHUS 'HEQDWK DQG &KDXGKXUL
VKHDU VWUHVV PRGHO KDYH EHHQ SURSRVHG LQFOXGLQJ PRGHOV
VWUHVV DQG EHG VWUHQJWK DQG PRGHOV EDVHG RQ PHFKDQLVWI
&KDXGKXUL 6DOHP :LOVRQ HW DO D

2QH UHFHQWO\ SRSXODUL]JHG PRGHO LV WKH PHFKDQLVWLF DQG SL

D HYDOXDWHG E\ :LOVRQ HW DO E DQG PRGLILHG E\ $0 0D
UHVHDUFKHUV KDYH KDG YDU\LQJ OHYHOV RI VXFFHVV LQ ILWWLQJ
ODGKKDFKL HW DO E 7KH PRGHO DV SURSRVHG E\ :LOVRQ

LOQYROYHG LQ SDUWLFOH GHWDFKPHQW DV ZHOO DV WKH VXSSRVL
DW VWUHVVHVY EHORZ WKH FULWLFDO VKHDU OHYHO $0O ODGKKDFK!
LQFOXGH WKH HIIHFWV Rl VHHSDJH RQ WKH SDUWLFOH GHWDFKPHC
UHYLHZ RI WKH DSSOLFDELOLW\ RI WKH PHFKDQLVWLF GHYHORSPH
FRPSOH[LWLHV RI WKH IXQGDPHQWDO PRGHO SURSRVHG E\ :LOVRQ
QR UHDO DGYDQWDJHVY RYHU WKH VLPSOHU H[FHVV VKHDU PRGHO ~



OHWKRGV RI PHDVXULQJ HURVLRQ LQ FRKHVLYH PDWHULDO

5HIJDUGOHVV RI KRZ HURVLRQ LQ FRKHVLYH PDWHULDO LV PRGHOO
TXDOLW\ RI GDWD LQIRUPLQJ LWV SDUDPHWHUL]DWLRQ 5HO\LQJ X
UHVLVWDQFH WR HURVLRQ LQFUHDVHV WKH XQFHUWDLQW)\ LQ PRGI|
PHDVXUHPHQWY RI D FRKHVLYH PDWHULDOYTV EHKDYLRXU XQGHU V.
WKHRUHWLFDO IUDPHZRUN %ULDXG HW DO 6LPRQ HW DO
DFFXUDWH DQG UHSUHVHQWDWLYH PHDVXUHPHQWY Rl HURVLRQ LQ
WHFKQLTXHV DQG HTXLSPHQW GHYHORSHG IRU WKLV SXUSRVH OH\
HURVLRQ Rl FRKHVLYH PHGLD LQFOXGH WKH 'ULOO +ROH 7HVW 5R]
(URVLRQ 7HVW :DQ DQG )HOO ‘DKO JORZ 3XPS 7THVW 5HG
6KHUDUG HW DO WKH 5RWDWLQJ &\ OLQGHU $SSDUDWXV ORR

/ILP DQG .KDOLOL WKH (URVLRQRPHWHU 6DOHP DQG 5HQQ
6DOHP WKH &RKHVLYH 6WUHQJWK OHWHU 7ROKXUVW HW DO
6LPRQ HW DO 3LVWRQ W\SH IOXPHV OF1HLO HW DO % UL
ODKDOGHU HW DO 6XWDUWR HW DO DQG WKH -HW (URVLI
+DQVRQ DQG &RRN

7KH -(7 KDV EHHQ RQH RI WKH PRVW ZLGHO\ XVHG PHWKRGV RI PHEL
fV GXH WR LWV DELOLW\ WR EH DSSOLHG ERWK LQ VLWX DQG LC
RI WKH WHVW DSSDUDWXV DQG DGDSWDWLRQV RI WKH WHVW DSSCL
:DKO 7KH DELOLW\ WR SHUIRUP UHODWLYHO\ TXLFN DQG |
PDLOQWHQDQFH RI WKH IDFWRUV UHYLHZHG LQ 6HFWLRQ ZLWKR)
ODERUDWRU\ VHWWLQJ DQG HOLPLQDWHYV WKH XQFHUWDLQW\ DVVF
WKHVH UHDVRQV WKH -(7 PHWKRGRORJ\ ZDV LGHQWLILHG DV WKH
DFURVYVY PDQ\ GLYHUVH VLWHYV ZLWKLQ WKLV LQYHVWLJDWLRQ

7KH -(7 ILUVW HPSOR\HG E\ 'XQQ LQYROYHYV WKH LPSLQJHPH(
FRKHVLYH VRLOV WR LQYHVWLJDWH WKHLU SURSHUWLHYV XQGHU H!
WR DQ LQ VLWX GHYLFH E\ +DQVRQ HW DO DQG KDV EHHQ DSS
LQFHSWLRQ +DQVRQ DQG B6LPRQ &ODUN DQG :\QQ BKXJIDL

6LPRQ HW DO .KDQ DQG .RVWDFKXFN 'XWWD DQG .DUTF
5RVH HW DO 7KH RULJLQDO GHYLFH FRQFHLYHG IRU ILHOG LJ
QR]]JOH GLDPHWHU RI PP DQG D VWHHO MHW VXEPHUJHQFH WDQ!
$V GHPRQVWUDWHG LQ &ODUNH DQG :\QQ DQG &KDUDQNR



DQJOH LPSOHPHQWDWLRQ WR WHVW VWHHSO\ DQJOHG ULYHUEDQN
$ORQJ ZLWK EHLQJ XQZLHOG\ WR LPSOHPHQW LQ UHPRWH DUHDV
ZDWHU LQWDNH WR SHUIRUP WKH WHVW 7R DVVLVW ZLWK SUDFWL
Rl WKH GHYLFH ZDV GHYHORSHG )LJXUH DQG KDV DOVR EHHQ LP
'DO\ HW DO E DO ODGKKDFKL HW DO D ODKDOGHU HW DO
EHKLQG WKH WHVW PHWKRGRORJ\ UHPDLQ WKH VDPH DV WKH 2ULJI
PLQL MHW DSSDUDWXV LQFOXGH D PP GLDPHWHU QR]]OH D
VXEPHUJHQFH WDQN 6LPRQ HW DO $O0 ODGKKDFKL HW DO

JLIXUH OLQL -(7 VFKHPDWLF

2SHUDWLRQ RI WKH -(7 FRQVLVWYV RI GLUHFWLQJ D YHUWLFDO VXE
FRQVWDQW SUHVVXUH WRZDUGV WKH VDPSOH PDWHULDO IRU IL[H¢
WKH GLVWDQFH RI WKH MHW QR]]JOH IURP WKH PDWHULDO WKH MH
GHILQHG WLPH LQWHUYDOV $V WKH MHW LPSLQJHV XSRQ WKH PHG
LPSRVLQJ D VKHDU VWUHVV XSRQ WKH PDWHULDO )LJXUH $W HI
WKH MHW LV EORFNHG DQG WKH GHSWK RI WKH VFRXU KROH WKDW



GHSWK PHDVXUHPHQW DV D UHIHUHQFH LV PHDVXUHG ZLWK D SRL
FDOFXODWHG IRU HDFK LQWHUYDO EDVHG RQ WKH GLVWDQFH WKH
VKHDU VWUHVV GLVWULEXWLRQ RI D YHUWLFDO VXEPHUJHG FLUF
%HOWDRY DQG 5DMDUDWQDP +DQVRQ HW DO +DQVRQ DG
WKH GXUDWLRQ Rl WKH WHVW SURJUHVVHV DQG WKH GHSWK RI WK
WUDYHO WR FRQWDFW WKH VXUIDFH RI WKH PDWHULDO DOVR LQFU
UHGXFWLRQ LQ WKH DPRXQW RI VKHDU IRUFH LPSRVHG XSRQ WKH |
FDOFXODWHG DSSOLHG VKHDU VWUHVV YDOXHV DUH WKHQ FRXSOH
PHDVXUHPHQWY WR FRQVWUXFW DQ HURVLRQ UDWH YHUVXV DSSOL

$SSOLHG VKHDU VWUHVV IURP LPSLQJLQJ MHWYV

7KH -(7 UHOLHV XSRQ DFFXUDWH GHWHUPLQDWLRQ RI WKH VKHDU
LPSLQJLQJ FLUFXODU YHUWLFDO MHW WUDYHOLQJ WKURXJK D XQ
%YHOWDRY DQG 5DMDUDWQDP LGHQWLILHG WKUHH UHJLRQV RI
VXUIDFH WKH IUHH MHW UHJLRQ WKH LPSLOXUHIRHIXQUW KHULRKKHD QG
PHDVXUHG VWDWLF SUHVVXUHV DQG RQTXDHDAOVWRR BUIHVE\L 5WVWKH BRON L
ZDOO VKHDU VWUHVV ZLWKLQ WKH LPSLQJHPHQW UHJLRLQ RI WKH N
LV WKH PD[LPXP VKHDU VWUHVV LPERWHW K4E RQ LWKUHPLPISOR FLA RD
WKH MH@LYRWMRH QR]]©® HVGWKMHROAMY GHQVEWYV RV KWHKKHILQIXKIWG RDIQUWEK H
IURP WKH LPSLQJLQJ ZDOO

6
Taa L ras&® @A

SDMDUDWQDP DQG %HOWDRYV GHILQHG WKH MHW DV IXOO0\ GHY
WKDQ WKH OHQJWK RI*Y&AK MAHWL § RMKH) WH DICR @ RRIIHW KH7 MIHW ZKHUH
HTXDO WR WKH IOXLG HHORHARLWD O AX/BW HIR WEBDW MHWYV ZHUH IXO
GLVWDQFH EHWZHHQ WKH QR]J]JOH DQG WKH LPSLQJHPHQW VXUIDFH
QRJ]OH

+DQVRQ HW DO PHDVXUHG SUHVVXUH DQG VKHDU VWUHVV GL'
K\GUDXOLF MHW LPSLQJLQJ XSRQ D IODW VXUIDFH XVLQJ SUHVVXU
WKH\ QRWHG VLPLODULWLHVY WR WKH VKHDU VWUHVV GLVWULEXWL
REVHUYDWLRQV WKDW WKH SHDN VKHDU VWUHVV DSHHBUHG WR RF
%DVHG XSRQ WKHLU H[SHULPHQWDO UHVXOWV WKH\ GHVFULEHG W
ZDOO DW YDULRXV UDGLDO GLVWD QP DMWIIZRA IYHKLH WPISH PIHERARRY S



VKHDU VWUHVYV LPSRVHG XSIRQWKKHDLPSA IOHEG QIKEDOONWIWBHY YV DW D
LV WKH KHLIJKW RI WKH QR]J]JOH IURP WKH LPSLQJLQJ ZDOO 7KH PLC
LPSLQJLQJ ZDOO GXULQJ WKH LU O 3/HBUOPHM W WK HCKY ELRUEMH @ HFOR F L
WKH IOXLG DW W&KIH MHWWH PRPNUHSBEQBLW\ RI WKH IOXLG

3 oiacgA’
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JRU I XOO\ GHYHORSHG MHWV DQG LQWUPRYR@DOQPG-RRRNFLHQW HG
WKH UHODWLRQVKLS IRU PD[LPXPXDNS @®RKHGHEY GV K KHD U RPN RIQVFRW

DQ% LV WKH GLIIXV %DW®R% PHIHL WIDHNQW DV DQG UHVSHFWLYH
H[SHULPHQWDO UHVXOWV RI +DQVRQ HW DO

« 6
Taa L %E@aTazA * P*4

J)LIXUH 6XEPHUJHG LPSLQJLQJ FLUFXODU K\GUDXOLF MHW DQG
$GDSWHG IURP +DQVRQ HW DO %YHOWDRY DQG 5DMDUDW(



6RXUFHV RI HUURU LQ -(7V

&RQVLGHUDEOH UHVHDUFK HIIRUW KDV EHHQ FRQGXFWHG WR DGYL
WKH LPSLQJLQJ MHW GXULQJ WKH WHVW DQG WKH GHJUHH WR ZKL
GDWD LQIOXHQFH WHVW UHVXOWV OD]XUHN HW DO 5DMDUDW

&RVVHWWH HW DO 5DMDUDWQDP HW DO &RQFHUQV
UHSUHVHQWDWLYHQHVV RI -(7 UHVXOWV IRFXV RQ WKH FRQILQHPH
FDOFXODWLRQ RI LPSRVHG VKHDU VWUHVVHV WKH DVVXPSWLRQ R
UHODWLYH WR WKDW RI D QDWXUDO JHRORJLF VXUIDFH WKH VKD
K\GURG\QDPLFV DQG DEUDVLRQ FDXVHG E\ ODUJHU JUDLQV VDQG
PDWHULDOV .DUDPLJROEDJKL HW DO .KDQ DQG .RVWDFKXFN

"HLGQHU *KDQHHL]DG HW DO 8QGHUVWDQGLQJ WKH
GXULQJ -(7 DSSOLFDWLRQ LV LQWHJUDO WRHRW BRR P WQ QRLNWK W RH |
LQIOXHQFH RI WKHVH OLPLWDWLRQV

&RQILQHG HQYLURQPHQW

7KH SUHGLFWLRQ RI WKH PD[LPXP VKHDU VWUHVV [PSRWHRBQE\ D Mt}
GHYHORSHG E\ %¥HOWDRY DQG 5DMDUDWQDP LQFOXGHV WKH D
VXUIDFH LQ DQ XQFRQILQHG HQYLURQPHQW 8VLQJ 3KRWR ,PDJLQJ

PHDVXUHG DFWXDRQE, VKSFOUH @WKSHR\QV WK H PDWHULDO LQ WKH RU
PXFK DV WLPHV KLIJKHU WKDQ WKRVH SUHGLFWHG E\ MHW LPSLQ
R(TXDWLRREXDWLRRQVRQ HW DO DGMXVWHG WKH VHPL HPSLU
%HOWDRYV DQG 5DMDUDWQDP WR ILW WKHLU H[SHULPHQWDO U
K\GUDXOLF MHW PHDVXUHG E\ KRW ILOP VHQVRUV 7KH VHPL HPSLL

(TXDWLRRSOLFLWO\ LQFOXGHV WKH HIIHFW Rl FRQILQHPHQW Z
+ ZKLFK LV D YLWDO FDOLEUDWLRQTSDWRRIWME QRIQ® KR RRSOR\P|
I X UW KA XBI\G LIRPEX DW LRQWKH GH Y HIOXPS\PLHRAEWXRULQJ XQLIRUPLW\ LQ
H[SHULPHQWDO FRQGLWLRQV IRU FRPSDULVRQ SXUSRVHYV EHWZHH(
HPSOR\HG D PP GLDPHWHU VXEPHUJHG MHW QR]]JOH ZLWKLQ D
UHVHUYRLU GLDPHWHU WR MHW GLDPHWHU UDWLR RI 7KH PLQL
GLDPHWHU UDWLR RI ZLWK DGGLWLRQDO FRQILQHPHQW RI D VH
VXEPHUJHG GXULQJ PXOWL DQJOH WHVWV 7KLV DGGLWLRQDO FRQ
HPSLULFDO GHYHORSPHQW RI WKH PD[LPXP VKHDU VWUHVV UHODW
HW DO D FRPSDUHG WKH UHVXOWV RI D PXOWL DQJOH 2ULJLQI
ERWK ZLWK VHDOHG UHVHUYRLU WRSV DQG FDOFXODWHG ORZHU



7TKH\ DWWULEXWHG WKLV GLVFUHSDQF\ WR WKH PHWKRG RI VDPSOI
ZDV RIIHUHG DV WKH GLIITHUHQFHYVY LQ UDWLRV RI WKH UHVHUYRLU\
GHYLFHV :KLOH PD[LPXP DSSOLHG VKHDU GHULYHG IURP 2ULJLQDC
FRQILQHPHQW EDVHG RQ WKH RULJLQ RI WKH HPSLULFDO UHVXOW
DFFRXQW IRU WKH JUHDWHU FRQILQHPHQW ZLWKLQ WKH PLQL -(7 C

6PRRWK VXUIDFH

7KH WHVW FRQGLWLRQV HPSOR\HG E\ +DQVRQ HWDDMOLFRHD VXOHDBGLQ
WKH VKHDU VWUHVY LPSRVHG E\ WKH VXEPHUJHG K\GUDXOLF MHW
5DMDUDWQDP DQG OD]XUHN GHPRQVWUDWHG WKDW WKH LPSL(
FDQ LQFUHDVH VKHDU VWUHVVHYVY LPSRVHG XSRQ WKH VXUIDFH E\ |
DSSOLFDWLRQ RI -(7 PHWKRGRORJ\ LQ ILHOG VFHQDULRYVY WKH VXL
XQGXODWLRQV SLWWLQJ DQG JHQHUDO KHWHURJHQHLWLHV ZKLFK
QDWXUDO HQYLURQPHQWY )XUWKHU WKH PDWHULDO URXJKQHVYV |
SDUWLFXODUO\ LQ KHWHURJHQHRXYVY PDWHULDOV ZLWK ZLGH UDQJt}
FULWLFDO VKHDU SDUDPHWHUYVY HVWLPDWHG IURP -(7V LQ ILHOG D¢
WKH DFWXDO FULWLFDO VKHDU

)ODW VXUIDFH

7KH PHDVXUHG YDOXHV Rl VKHDU VWUHVV XVHG WR SDUDPHWHUL]JF
LPSRVHG E\ WKH VXEPHUJHG K\GUDXOLF MHW ZHUH RULJLQDOO\ Pt
:KLOH WKLV LV D UHDVRQDEOH UHSUHVHQWDWLRQ RI WKH WH
GHYHORSV LQ SUDFWLFH WKH VXUIDFH ZLOO GHYLDWH IURP WKLV
RFFXUULQJ LQ DQ HYHU LQFUHDVLQJ GHHSHU VFRXU KROH L H FF
DOWHU WKH IORZ UHJLPH RI WKH LPSLQJLQJ MHW \LHOGLQJ D GHYL
KROH LV QDUURZ DQG GHHS KRZHYHU WKLV GHYLDWLRQ KDV EHH
VKDOORZHU VFRXU KROHV ORRUH DQG ODVFK +ROOLFN 0l
&RVVHWWH *KDQHHL]DG HW DO ,Q QDUURZ DQG GHHS VF
VWURQJO\ GHIOHFWHG FDXVLQJ D UHYHUVH IORZ WKHUHE\ DOWHUL
VXUIDFH DQG UHGXFLQJ LWV PRPHQWXP E\ WKH HQWUDLQPHQW RI
7KH GHYHORSPHQW RI QDUURZ DQG GHHS VFRXU KROHV KDV E
IDLOXUH DW DVSHFW UD WQRAK$BH & ¥iHl)s WKLDADK . DIIGH U H
UHSUHVHQWLQJ WKH PD[LPXP GHSWK Rl VFRXU OQ®&URD[ZPXP ZLGW!
DQDO\VLV ZRXOG QRW EH FRQVLGHUHG DSSOLFDEOH LQ WKRVH FLL



DFFHSWDEOH DVSHFW UDWLRYVY SURSRVHG E\ :HLGQHU ZDV GHI
FRQVLGHU KRZ WKH VPDOOHU MHW QR]]J]OH RI WKH PLQL -(7 PD\ DIII
QDUURZ DQG GHHS VFRXU KROHV WKH LQIOXHQFH RI VKDOORZ DQ

OHUFLHU HW DO 7TKHUH UHPDLQV VRPH XQFHUWDLQW\ DV
IODW VXUIDFH DVVXPSWLRQ KRZHYHU LW KDV EHHQ UHFRPPHQGH
DLP IRU VKDOORZHU VFRXU KROHV GXULQJ WHVWV WR OLPLW WKH
.DUDPLJROEDJKL HW DO "HLGQHU

3UHVHQFH RI VWRQHV DQG VDQG

6KXJDU HW DO DQG .KDQ DQG .RVWDFKXFN ERWK REVHUY
GXULQJ WKH DSSOLFDWLRQ RI -(7 PHWKRGRORJ\ XSRQ WLOOV LQ V
ZLWKLQ WKH WLOO PDWHULDO ZHUH REVHUYHG WR EH UHOHDVHG |
RI WKH VFRXU KROH GXULQJ WKH -(7 WHVWLQJ SURFHGXUH ZKLFK F
JHRORJLF PHGLD WKURXJK WKH DGGLWLRQDO SURFHVYV RI DEUDVLF

6KXJDU HW DO QRWHG WKDW SDUWLFOHY WKDW DUH XQEC
PXVW EH UHPRYHG PDQXDOO\ IURP WKH VFRXU KROH E\ KDQG ZKHQ
KRZHYHU WKLV LV QRW DOZD\V QHFHVVDU\ GXULQJ QRQ YHUWLFDC
SDUWLFOHYVY DUH DVVLVWHG RXW RI WKH KROH E\ WKH JUDYLWDWLF
SRVWXODWHG WKDW VDQG DQG ILQH JUDYHOV ZRXOG VLPLODUO\ E
WKDW RFFXUUHG GXULQJ WKH -(7 PD\ EH PRUH UHSUHVHQWDWLYH

-(7 VROXWLRQ WHFKQLTXHV

3HUKDSV WKH PRVW FRQIRXQGLQJ FRPSRQHQW RI -(7V LV WKH ZLG
EHHQ GHYHORSHG WR FKDUDFWHUL]H PDWHULDO WHVWHG ZLWK -(7
i, DQG WKH\ SURGXFH &RVVHWWH HW DO ‘DKO 7KLV FX(
SHUIRUPHG E\ :DKO ZKHUH WKH UHVXOWV RI QLQH GLIIHUHQW
RI WKH VROXWLRQ WH FK Q L7TTIXEHMHUIHYKL 1B DHGGR ¥ HGOLG/ WHIVE R.QR XU F DV
H[SHULPHQIWD®Y HR@QPDWHG ZLWK QRWRUQHWSRYBEHQOLQHDU H[FH"
PRGHO HQHUJ\ EDVHG PRGHOV DQG QRQ OLQHDU PRGHOV



7TDEOH(7 VROXWLRQ WHFKQLTXHYV

THFKQLTXH &DWHJRU\ '"HVFULSWLRQ

9LVXDO ([SHULPHQWDO (PSOR\HG E\ 'XQQ DQG &RVVHWWH WKH IORZ UDWH \

$SSURJL XQWLO HURVLRQ LV YLVXDOC

(TXLOLEUKKSHULPHQWDO (PSOR\HG E\ OD]XUHN $PLQ DQG OD]XUHN DQG &RV

'"HWHUPLQDWLRQ VXIILFLHQW GXUDWLRQ WKDW WKH VFRXU GHSWK YV WLPH SORW DSSU
VKHDU VWUHVYV &RVHWWH VXJIHVWHG WKDW WKLV WHFKQLTXH R

REVHUYWHFK WR SliitWZLFH WKDW RI| WEk

%ODLVGHOIGQHDU 7KLV LV WKH PRVW KLVWRULFDOO\ SUHYDOHQW -(7 VROXWLRQ WHFK(
OHWK®RG ([FHVV 6KHDU $Q HTXLOLEULXP VFRXU GHSWK LV HVWLPDWHG XVLQJ D K\SHUE
6WUHVV GRGIKQFW D 3SUDFWLFDO HTXLOLEULXP" RI VFRXU 'DWD FROOHFWHC
HTXLOLEULXP VFRXU GHSWK DQG LQ WXUQ WKH VKHDU V-WUMVV DW
FRQYHUJHG XSRQ E\ PLQLPL]JLQJ HUURUV LQ D GLPHQVLRQOHVYV WLPH
7KLY WHFKQLTXH KDV EHHQ GHPRQWMMUDWHG WHR XRQGHUIUH WM E R QWHX WY

SURYLGLQJ FRQVHUYDWLYH HVWLPDWHV RI HURGLELOLW\ SDl

/ILQHDU /ILQHDU (PSOR\HG E\ &RVVHWWH DQG :DKO WKLV WHFKQLTXH HVWLP
5SHIJUHVVLR®HVV 6KHHDOUHVVLRQ OLQH WKURXJK WKH PHDVXUHG HURVLRQ UDWHY DQG DSES
OHWKBG 6WUHVV WRGHOHJUHVYV LRMQGHS KHWHOREBW KHEZBVHOQKMH VROXWLRQ WHFKQLTXH

GXH WR LW REWDLQLQJ WKH PRVW FRQVLVWHQW UHVXOWYV LQ F

%YRWK &RVVHWWH DQG :DKO REVHUYHG WKDW VRPH VWDQGEC
HI[FHVV RI GDWD SRLOQWV LQ WKH ORZ HURVLRQ UD\
6FRXU '"HS\W®&HDU 3URSRVHG E\ 'DO\ HW DO WKLV WHIFKO@T XQ WIK-HX 8 W Bl Q@ M RXWHD U

OHWK&®RG ([FHVV 6KWHRIBIHO E\ PLQLPL]JLQJ WKH VXP RI WKH VTXDUHV RI HUURU EHWZHHQ
6WUHVV QFFGIBIROYHU )XQFWLRQ DSSO\LQJ WKH *HQHUDOL]HG 5HGXFHG *UDGLH
VSUHDGVKHHW WRRO PDGH DYDLODEOH E\ WKH DXWKRU :DKO D C
-« YDOXHV FDQ EH, ,RPWRH@HmUBG®ORVH WR WKH VWUHVVHV H[KLELWF
REVHUYHG WKDW RFFD)YERQIRFGEDWKRQUDKWOX EWMILRUURQHRXVO\ REWDLQ
EHHQ HPSOR\HG LQ PDQ\ VWXGLHV VLQFH LWV LOQWURGXFWLRQ DQG JI

KD HW I ODKLHW 'THW 'THW D '"[HW E :DKO

, WHUDWLYHQHDU 3URSRVHG E\ 6LPRQ HW DO WKLV WHFKQLTXHIKDVLWKH VDPH RE

OHWKRG ([FHVV 6KRMWWUDLQHG EHWZHHQ DQG W KHVILFRQOOND RFRXV® V WHRDREWDU BV E
6WUHVV B8R GWBFKLY SURYLGHG DQ LOQLWLDO JXHVV REWDLQIVRO)




WHFKQLTXH DUH VHQVLWLYH WR WKH LQLWLDO JXHVV GXH WR WKH S
OHY XQFHUWDLQW)\ LQW

Obvv RI  (QHUJ\ -(7V UHVXOWYV ZHUH VROYHG EDVHG XSRQ WKH DPRXQW RI HQHUJ\ UH"

6FRXUHG %DVHG UDWKHU WKDQ WKH VKHDU VWUHVVHYVY DW FHUWDLQ GHSWKYV ORRUH D

ODWHULDO ZDV DGYDQFHG E\ 5RVH HW DO ZKR SURSRVHG D PHWKRG RI LQF
WKH K\GUDXOLFV RI WKH LPSLQJLQJ -(7 WR GHWHUPLQH WKH DPRXQW
DPRXQW RI PDWHULDO IURP WKH VFRXU KROH $SSO\LQJ WKLV PHWKR
VROXWLRQ WHFKQLTXH FDQ SURYLGH LQVLIJKW SHUWDLQLQJ WR WKH
DUULYIli, WVROXWLR(UHVXOWYV LQ D VRLC- - N

1RQ /LQHORQ /LQH:DWKO DQG .KDQDO HW DOi, DQGEFDOWWORWMEKM REVHUYHG WHVW

([FHVV 6 KHDRVLRQH[FHVV VKHDU VWUHVV PRGHO ZLWKRXW WK HQDYDNX PR R RQDRIOXQLW\ |

6WUHVV ORGHO &RVVHWWH POYOORAHHG RWKBIU\ ZKLOH DSSO\LQJ WKH OLQHDU UHJUH
IXQFWLRQ WR WKH REVHUYHG H[FHVV YKHDKOVWUHWRWHRBYWMKDKH ZKU Id
DOORZLRIWDKEKH WR YDU\ FDQ LPSURYH WKH FXUYH ILWWLQJ DELOLW
PDWHULDO SURSHUWLHY DQG QR WUHQGYV EHWZHHQ WHVWYV RU PDWHI
FODVVL

:LOVRQ ORGHO 1R@ /OQEGIOKDFKL HW DO E .KDQDO HW DO E DQG aEHFOVLRQ ILW
(URVLRQ XVLQJ VFRXU UDWHV DQG VFRXU GHSWKV DV WKH SDUDPHWHUYV IR
ORGHO WKH :LOVRQ PRGHO GLG QRW SHUIRUP DV ZHOO DV OLQHDU PRGHOV Z
FRUUHODWLRQ EHWZHHQ UDWH SDUDPHWHU DQG VKHDU VWUHVV WKU
EHWZHHQ WHVWY DQG PDWHULDOV $GGLWLRQDOO\ ZKLOH WKH ILUVYV

GHVFULEHG ZLH ILQDO UHJLRQ LV ODUJHOR GHILQLWLRC

(ISRQHQWLRQ /LQHPQ HPSLULFDO PRGHO ZDV SURSRVHG E\ :DKO ZKLFK FRQVLVWHG
/ILQHDU ORGRUYLRQDFFHOHUDWLQJ VFRXU UDWHYV DV VKHDU VWUHVV LQFUHDVHY DQG D C
ORGHO GHPRQVWUDWHG KLIJKHU VXFFHVV LQ ILWWLQJ REVHUYHG GDWD VLPL
SDUDPHWHUVY DQG VKHDU VWUHVV WKUHVKROG SDUDPHWHUV DFURVYV

PRGHO DQG FRPSOLFDWLQJ WKH IOLW\ .




:DKO FRQFOXGHG WKDW WKH /LQBBOHWH WKH/ P IRR/QV OFFRMQR/R.G W/ (
WHFKQLTXH IRU SURGXFLQJ UHSHDWDEOH UHVXOWY DQG WKDW LYV
SURYLGH DQ\ VWDWLVWLFDO EHQHILWYV RYHU ILWWLQJ -(7 GDWD W
FRQFOXVLRQVY DUH KHOSIXO JXLGHV LQ WKH VHOHFWLRQ RI DQ DS:*«
GLITHUHQW HURGLELOLW\ SDUDPHWHUV WKDW WKHVH WHFKQLTXHYV
DFFRXQWHG IRU LV WKH VWDQGDUGL]DWLRQ RI VROXWLRQ WHFKQL
FRPSLOHG -(7 GDWDVHWYV )RU LQVWDQFH WR FRPSDUH -(7 UHVXO\
FRPSLOHG GDWDVHW PXVW HPSORDB\OKR U BH YV, &/HHOUDDEKWMK RBW% B G
%DVHG RQ WKH UHYLHZ RI WKH YDURDRRWKEZW RQKXMMWRQJIW\MER Q LHXS
6FRXU '"HSWK 6' DQG %0

J)LHOG ,PSOHPHQWDWLRQ RI -(7 PHWKRGRORJ\

,Q VLWX -(7 GDWD DFTXLVLWLRQ KDV KLVWRULFDOO\ EHHQ HPSOR\
DQG &RRN ZLWK DGDSWDWLRQV IRU WKH DSSOLFDWLRQ RI WK
D OLQRU DGDSWLRQV DQG HQKDQFHPHQWY KDYH EHHQ SHULRC
FRQWURO VXFK DV WKH FOHDULQJ Rl VORXJKHG EDQN PDWHULDO T
.KDQ DQG .RVWDFKXN DQG WKH PDLQWHQDQFH RI DPELHQW P
ZLWK UDLQIDOO ODKDOGHU HW DO +RZHYHU ERWK WKH [UH"
GXUDWLRQ RI WHVWYV KDYH EHHQ TXLWH YDULHG DQG KDYH FRQVL)
PHDVXUHPHQW IUHTXHQF\ RI PLQXWHV IRU D VHW RI UHDGL
(YHQ VXFK D VSHFLILF UHFRPPHQGDWLRQ OHDYHV VXEVWDQW
ZLWK WHVWV FRQVLVWLQJ RI UHDGLQJV UHFRUGHG DW PLQXWH
UHFRUGHG DW PLQXWH LQWHUYDOV PLQXWH GXUDWLRQ )LH;
VWDQGDUGL]DWLRQ RQ PHDVXUHPHQW SODFBEBEW DQG WHVW GXL

7TDEOBDQJH RI PHDVXUHPHQW IUHTXHQF\ DQG WHVW GXUDWL

THVW
, HDVXUHPHQW
6WXGA XSLD(BNL%QHTXHQF\ PLQ

&ODUN DQG :\QQ
6KXJDU HW DO

'KDQ DQG .RVWDFKXFN
ODKDOGHU HW DO

7KH YDULDELOLW\ LQ WHVW GXUDWDEQHD@QGOMHIEY WRHE H QU HUH-THIWH
HVWLPDWLRQ RI HURGLELOLW\ SDUDPHWHUV &RVVHWWH .KDQ



7KH PRVW SURPLQHQW GHSDUWXUH IURP WKH RULJLQDO +DQVRQ D
RI VWHSSHG PXOWL SUHVVXUH VHWWLQJ 036 WHVWYV E\ ODKDOGH!L
SUHVVXUH VHWWLQJ 636 WKURXJKRXW HDFK -(7 7KLV UHVXOWYV L
SUHVVXUH VHWWLQJ EHLQJ SHUIRUPHG PD[LPXP RI ILYH SUHVVXU
ZLWK D FRQWLQXLQJO\ ODUJHU VFRXU KROH DVVRFLDWHG ZLWK HEC
Dv D PHWKRG WR REWDLQ GHSWK DYHUDJHG VDPSOHV WR UHGXFH
WKH GHSWK RI VFRXU SURJUHVVHV DULVLQJ IURP ZHDWKHULQJ SU

,QIOXHQFH RI PDWHULDO KHWHURJHQHLW\ RQ -(7V

ODWHULDO FORVH WR WKH ERG\ VXUIDFH LQ QDWXUDO VHWWLQJV I
ZHWWLQJ GU\LQJ F\FOHV IUHH]H WKDZ F\FOHV IURVW ZHDWKHULQ
WHPSHUDWXUH IOXFWXDWLRQV WKHUPDO VWUHVV DQG FKHPLFDO
SURFHVVHV KDYH PRUH PXWHG HIIHFWV GHHSHU EHORZ WKH VXUID
VXUIDFH +DUULVRQ 'DYLGVRQ $UQRWW 'DYLGVRQ $UQRW)
ODGGRFN 7KHVH ZHDWKHULQJ SURFHVVHV UHVXOW LQ D QHDL
SURSHUWLHV LQFOXGLQJ EXON VKHDU VWUHVV DQG PRLVWXUH FRC
PDWHULDO SURSHUWLHY DORQJ WKLV JUDGLHQW DUH FRXQWHU WR
PDWHULDO LV DVVXPHG WR UHPDLQ KRPRJHQRXV WKURXJKRXW WK

, W VKRXOG EH QRWHG WKDW HURGLELOLW\ WUHQGY FRUUHVSRQGL
IXQFWLRQ RI GHSWK IURP WKH VXUIDFH DUH UHFLSURFDO ZLWK WK
7KH PD[LPXP DSSOLHG VKHDU LV H[SHULHQFHG DW WKH WHVW ERG
FORVHVW WR WKH MHW QR]]JOH DQG WKH DSSOLHG VKHDU VXEVHTX
PRVW FRKHUHQW PDWUL[ PDWHULDO LV SUHVHQW QHDULQJ WHUPL
PDWHULDO EHLQJ VXEMHFW WR WKH KLIKHVW VWUHVVHYVY G6LQFH IC
PDWHULDO FDQ UHSUHVHQW RXWVL]HG FRQWULEXWLRQV WR EDQN
ODGGRFN WKH FKDUDFWHUL]DWLRQ RI WKLY OD\HU FDQQRW E!I
OLPLWHG LQ WKH DPRXQW RI UHOHYDQW LQIRUPDWLRQ LW FDQ FR(¢
FKDUDFWHULVWLEXWHWH VKRZQ LQ

"'LITHUHQFHY LQ FULWLFDO VKHDU VWUHVVHV EHWZHHQ WKH VXUILF
ZHUH LQYHVWLJDWHG E\ .KDQ XVLQJ D SDLUHG WHVWLQJ DSSLU
ZHDWKHUHG VXUIDFH RI D WLOO PDWHULDO 8SRQ WKHLU FRPSOH!
DUHD RI HDFK RI WKH VL[ WHVW ORFDWLRQV VXFK WKDW QHZ VXUII
PDI[LPXP VFRXU L H WR SODFH WKH -(7 WHVW DSSDUDWXV RQ D IU



DW HDFK ORFDWLRQ 6L[ QHZ WHVWV ZHUH FRQGXFWHG FRPPHQFI
SDLUHG WHVWV ZHUH DZDCED HH@GX WIKGID VEK HI MWH QFHY EHWZHHQ WK
XQGHUO\LQJ PDWHULDO ZHUH HYDOXDWHG XVLQJ WKH 0DQQ :KLWQ
VWDWLVWLFDO GLIIHUHQFH EHWZHHQ HURGLELOLW\ FRHIILFLHQWYV
XQGHUO\LQJ PDWHULDOV .KDQ QRWHG WKDW VRPH GLVWXUETL
WKH UHPRYDO RI WKH VXUURXQGLQJ VXUILFLDO OD\HU VXFK WKDW
PD[LPXP VFRXUHG GHSWKV ,W LV DOVR QRWHG WKDW WKH WHVWYV
PD\ KDYH EHHQ XQGXO\ LQIOXHQFHG E\ WKH XQGHUO\LQJ XQZHDWK
IURP FP WR FP LQ WKH XSSHU OD\HU SRWHQWLDOO\ H[WHQ(
ZHDWKHUHG PDWHULDO 7KH H[SHFWDWLRQ RI ZHDNHU VXUILFLDO
ZHDWKHULQJ SURFHVVHV ZHWWLQJ GU\LQJ F\FOHV IURVW F\FOHV
OXOWL 3UHVVXUH VHWWLQJ WHVW WR REWDLQ GHSWK DYHUDJHG U

7KH UHFRJQLWLRQ RI WKH KHWHURJHQHLW\ RI WKH PDWHULDO EHL
GHYHORSPHQW RI WKH WHVW VHIJPHQWDKIRSRWBQDO\WLF PHWKRGR

6XUILFLDO JHRORJ\ RI 6RXWKZHVWHUQ 2QWDULR

7KH VXUILFLDO JHRORJ\ WKURXJKRXW VRXWKZHVWHUQ 2QWDULR L\
FRUUHVSRQGLQJ WR WKH 4XDWHUQDU\ 3BHULRG UHVXOWLQJ LQ D FI
LQFOXGLQJ WLOO ERXOGHU FOD\ DQG JODFLRODFXVWULQH GHSR\
DQG 6FKOXFKWHU D KIHIKQH®&EDWILOEBOMV VHGLPHQW WKDW KDV EH
E\ RU IURP JODFLHU LFH ZLWK OKWWROH R X W'R/H/GRADE M) XEE\V ZADDADHNUL
HITRUW zZzDV PDGH WR PDS WKH 4XDWHUQDU\ JHRORJ\ RI VRXWKZHV
6KDUSH .DUURZ DQG (DVWRQ .DUURZ &RZDQ 6DC

.DUURZ %DUQHWW HW DO .DUURZ KLOH WKHUH
VRPH RI WKH PDSSLQJ WHFKQLTXHV HPSOR\HG GXULQJ WKHVH VWX
JHRORJLF XQLWY LGHQWLILHG GXULQJ WKHVH PDSSLQJ FDPSDLJQYV
GXULQJ VLWH FKDUDFWHUL]DWLRQ LQ ZDWHU UHVRXUFH HQJLQHHL



&KDSWHU
J)LHOG OHWKRGRORJ\

7KLV VHFWLRQ GHVFULEHV WKH HTXLSPHQW DQG PHWKRGRORJ\ HP
FRPSRQHQW RI WKH LQYHVWLIJDWLRQ 7KH GHYHORSPHQW RI WKH I
UHYLHZHGKDSWCHQ

6LWH VHOHFWLRQ

%DVHG RQ DQHFGRWDO HYLGHQFH RI FOD\ DQG ILQH JUDLQHG WLO
OLVW RI SRWHQWLDO VWXG\ VLWHV ZDV FRPSLOHG 7KHVH VLWHYV :
VHOHFWLRQ FULWHULD
R D UHYLHZ RI SHUWLQHQW 2QWDULR *HRORJLFDO 6XUYH\ 4
VXFK WKDW VLWHV LQFOXGHG D EURDG UDQJH LQ FRQVRO
3UHIHUHQFH ZDV JLYHQ WR WLOOV Rl WKH UHJLRQ ZLWKL!
':DWHUORR LQ FRQVLGHUDWLRQ Rl ODQG DVVHPEODJHV XC(
DQG FRQVLGHULQJ DYDLODEOH HFRQRPLF UHVRXUFHV
R 6LWH FRQGLWLRQV DSSOLFDEOH WR PLQL MHW PHWKRGRC
H[SRVXUH LV FRQGXFLYH WR WHVWLQJ
R (DVH DQG VDIHW\ RI VLWH DFFHVV
(DFK JHRORJLF PHGLD ZDV GHWHUPLQHG WKURXJK TXDOLWDWLYH |
UHOHYDQW JHRORJLFDO UHSRUWY DQG PDSSLQJ ,W VKRXOG EH QF
PDWHULDOV DQG WKH GLYHUVH JHRORJLFDO KLVWRU\ RI VRXWKH L
FODVVLILFDWLRQ HYHQ ZKHQ PDGH E\ H[SHULHQFHG JHRORJLVWV
6LQFH QR GHWDLOHG PDWHULDO DQDO\VLVY L H KHDY\ PLQHL
DQDO\VHYV SHUFHQW FDOFLWH SHUFHQW GRORPLWH ZDV SHUIRUF
FODVVLILFDWLRQV ZHUH EDVHG RQ WKH ILHOG RSHUDWRUVY EHVW
6XUYH\ 4XDWHUQDU\ *HRORJ\ PDSV 'HWDLOHG PDWHULDO GHVFULS
PDWHULDO FODVVLILBB®HQQ@LW$H SKIRRYRG HRG WEH WHYSHPOBWHULDO
%

7TDEOH OLVWYV WKH VWXG\ VLWHYV VXEMHFW WR GHWDLOHG LQYHV
WKH FRUUHVSRQGLQJ JHRORJLFDO XQLW LQ ZKLFK PLQL -(7V ZHUH
JLIXUBHPRQVWUDWHY WKH VSDWLDO GLVWULEXWLRQ RI WKH VLWH



7TDEOBAWXG\ VLWHYV

6LWH 6LWH $EEUHYLDWLRQ SDUHQWHRBRRUEBPGBHSRUW
8QLW ZDWHUVKHG

JOHWFKHUV &UHHN DW OLVVLVVDXJD )& +DOWRQ 7LOO &UHGLW 5LYHU
DQG (DVW

OLPLFR &UHHN DW (WRELFRNH 08&( +DOWRQ 7LOO OLPLFR &UHHN 4XDW
DQG (DVW

(WRELFRNH &UHHN 7ULE XADIDW ROQV7&DOHGRQVREDRRNIQ DU\ *HRORJ\ Rl %UDPSWRQ

( & &Ut DQG (DVW

*ULQGVWRQH &UHHN 7ULEBWDNRQDW OO *UMQOWMR QP U\ *HRORJ\ Rl WKH +DPLO

:DWHUGR &UL &DPEULGJH $UHD

/DXUHO &UHHN DW 8QLYHIMDAUWYL @0 :DMVDHOUUORRDQG 5LYHU 4XDWHUQDU\ *HRORJ

1RUWK &DPE &RQHVWRJR $UHD

1ILWK 5LYHU DW OLOOEDQN 10% BWLUWRQ 7LOO *UDQG 5LYHU 4XD

&RQHVWRJR $UHD

$PXOUHH &UHHN DW /LVERQ 17/ *UDQORUYHYIWRQ@XDWHUQDU\ *HRORJ\ RI WKH

7L &RQHVWRJR $UHD
"fDXELJQ\ &UHHN DW %UDQWIRUG *EB®QG 5L¥BQGLPD3XMAHLVWRFHQH *HRORJ\ RI WK
&0 &RZDQ
*DLQVERURXJK 5DYLQH DW /RQGRQ7KBPHV 5RYAKNHVWAKDWHUQDU\ *HRORJ\ RI WKH
7LOO0 6DGR DQG 9DJQHUYV 3LNH HW |
7URXW &UHHN DW +DUPRQ\ &+ 7DYLVWRFN 7LOO 7KDPHV 5LYHU 4XD\
&RQHVWRJR $UHD
KLUO &UHHN DW OLWFKHOO :&0 ‘DUWEXUJ 7LOO 7KDPHV 5LYHU 4XDW
.DUURZ
"HVW &UHHN DW 1HZ ODUNHW :&1 /DNH GERRREHUJ4XDWHUQDU\ *HRORJ\ Rl WKH
&0 $UI %DUQHWW
+LJKODQG &UHHN DW 6FDUERURXJK +& /HDVLGH 7LOO +LJKODQG &UHHN
.DUURZ

JLIXUH 6WXG\ VLWH ORFDWLRQV
FRQWDLQV LQIRUPDWLRQ OLFHQVHG XQGHU WKH 2SHQ *RYHUQPHQW /LFHQVH R



(TXLSPHQW

'XH WR WKH SUDFWLFDOLW)\ LQ ILHOG DSSOLFDWLRQ RI WKH PLQL -
UHSHDWDEOH LQ VLWX WHVWV LW ZDV VHOHFWHG DV WKH SUHIHU
VSDQQLQJ VHYHUDO WHVW VLWHY DQG JHRORJLF HQYLURQPHQWYV

ZDV FRQVWUXFWHG WR UHSOLFDWH WKH PLQL -(7 HPSOR\HG E\ 6LP
ODGKKDFKL HW DO D DQG ODKDOGHU HW DO 7KH GHYLFH
IRXQGDWLRQ ULQJ D PP GLDPHWHU SOH[LJODVV VXEPHUJHQFF
GHIOHFWRU SODWH)LDRGHDKSIROL WWHI DX LV QRW GHVLUHG WR LPSI
DW WHVW VHW XS RU GXULQJ D GLVFUHWH PHDVXUHPHQW WKH M
SODWH SUHYHQWLQJ WKH IORZ IURP SURFHHGLQJ $W WKLV RULHQ
WKH WHVW DSSDUDWXV FRUUHVSRQGLQJ WR WKH PHDVXULQJ SRLQ
WKH LPSLQJH VHWWLQJ WKH MHW DOLJQV ZLWK WKH FHQWHU RI W
WKH WHVW PDWHULDO :KHQ QRW EHLQJ XVHG WKH VWDII JDXJH L)
LQIOXHQFH WKH K\GURG\QDPLFV ZLWKLQ WKH DSSDUDWXYV

3KRWR ([DPSOH RI ILHOG -(7 VHW XS

6WUHDP ZDWHU ZDV VXSSOLHG WR WKH WHVW DSSDUDWXV E\ DQ $°
WR WKH PLQL MHW DSSDUDWXYV E\ % % YLQ\O WXELQJ DQG SRZHU
7KH XVH RI LQ VLWX VWUHDP ZDWHU HQVXUHG LWV FKDUDFWHULVYV
WLPH RI WKH WHVW 7KH ZDWHU ZDV SXPSHG WKURXJK D W MRLQW



JDXJH EHIRUH IORZLQJ WKURXJK WKH MHW QR]J]JOH DQG WKH RWKHL
FRQWUROOLQJ WKH SUHVVXUH KHDG ZLWK D EDOO YDOYH 3UHVVX

DWWDLQHG ZLWK SUHVVXUHYV IOXFWXDWLQJ SVL DW ORZHU S|
VHWWLQJY 3UHVVXUH UHDGLQJY ZHUH UHFRUGHG XSVWUHDP RI R(
JDXJH DQG WKH PLQL MHW QR]]JOH ZLWK OHQJWKYV RI P DQG F

FRQQHFWLQJ WXEHV ZHUH FDOLEUDWHG XVLQJ WKH SURFHGXUHV F
FRUUHFWHG HQHUJ\ OHYHOV DW WKH MHW QR]]JOH DFFRXQWLQJ IRL
QR]]®SSHQGL][ &

J)LHOG -(7 GDWD FROOHFWLRQ

6HYHUDO UHVHDUFKHUVY LQFOXGLQJ &RVVHWWH .DUDPLJROED
:DKO KDYH QRWHG WKHUH LV D QHHG WR VWDQGDUGL]H -(7 GEC
PHDVXUHPHQW IUHTXHQF\ :DKO QRWHV WKDW WKHUH DUH RQ,
(URVLRQ 7THVW VWDQGDUG KRZHYHU DW WKH WLPH RI GDWD FROO
UHVHDUFK SURMHFW DQ XSGDWHG $670 IRU MHW PHWKRGRORJ\ KD
PHWKRGRORJLHV RI LQ VLWXEQWWRZRIQH BRRSXHHUGWR GHWHUPLQH
WHFKQLTXHYVY DQG RSHUDWRUV 7KHVH ZHUH WKHQ LQWHJUDWHG ZI
PHWKRGRIDRWLRWR GHWHUPLQH D SURFHGXUH WKDW RSWLPL]HG Wt
E\ PLQLPL]LQJ WKH LQIOXHQFH RI PHWKRGRORJLFDO OLPLWDWLRQ'

$W HDFK VWXG\ VLWH DQ DUHD RI H[SRVHG FRKHVLYH PDWHULDO I
IRU WHVWV WR EH SHUIRUPHG &DUH ZDV WDNHQ WR DYRLG GLVWX
VWUHDPEHG DW WKH GHVLUHG WHVWLQJ ORFDWLRQ 7R PLQLPL]H
ZHUH RQO\ SHUIRUPHG RQ GD\V ZLWKRXW UDLQIDOO DV SHU 0DKDC
IRU WHVWYV LQWHQWLRQDOO\ SHUIRUPHG LQ WKH ODWH ZLQWHU HI
WHVWYV ZHUH SHUIRUPHG EHWZHHQ -XQH DQG 2FWREHU LH IURV)
EHWZHHQ ILHOG FDPSDLJQV RXWVLGH RI UHJXODWRU\ HI[FOXVLRQ
VSDZQLQJ $V SHU ODKDOGHU HW DO WHVW VXUIDFHV ZHUH F
DQRG YHIHWDWLRQ DQG DOOXYLDO PDWHULDOV ZDV PLQLPL]JHG DQC
ZKHUH SRVVLEOH /DUJH VWRQHV DQG SHEEOHV ZKLFK ZHUH YLVLE
IRFXV WHVWLQJ RQ WKH ILQH JUDLQHG PDWUL[ RI WKH WLOOV DQG
KHUH LW ZDV XQDYRLGDEOH GHEULY DOOXYLXP RU VPDOO VWRQ
PLQLPL]JH GLVUXSWLRQ RI WKH VXUURXQGLQJ PDWHULDO VLPLODU
+DQVRQ DQG &RRN WHVWYV ZLWKLQ WKH VDPH YLFLQLW\ ZHUH



LQIOXHQFH VXUURXQGLQJ D WHVW VXUIDFH ZRXOG QRW LPSDFW W
WKH WHVW LQVWUXPHQW ZDWHU GLVFKDUJHG IURP WKH DSSDUDW
LPPHGLDWH YLFLQLW\ VXFK WKDW WHVWYV DW WKH ERWWRP RI WKH
EDQN

3UHSDULQJ DQG SHUIRUPLQJ WHVWYV FRQVLMWXGHRY W R WHKIW B & & MDI
VXUIDFH E\ SUHVVLQJ RQ LW HYHQO\ VXFK WKDW D VHDO IRUPHG E
EHLQJ WHVWHG VLPLODU WR ODKDOGHU HW DO 6RPH RYHU F
VWLII ZKHUHE\ WKH ULQJ FRXOG QRW VXIILFLHQWO\ SHQHWUDWH W
SODFHG LQ WKH IRXQGDWLRQ ULQJ DQG D IROGHG KDQG WRZHO ZD
XVHG WR DGYDQFH WKH ULQJ LQWR SODFH ,lI IUDFWXULQJ RU FUXF
LW FRXOG SRWHQWLDOO\ LQIOXHQFH WKH WHVW WKH ULQJ ZDV U}
DQRWKHU ORFDWLRQ )RU WHVWV RQ VWHHS EDQNV WZR VWHHO V
JLIXURRQ WKH HGJH Rl WKH VWHHO IRXQGDWLRQ ULQJ WR HQVXUH
VKLIW GXULQJ WKH WHVW $IWHU WKH ULQJ DQG VWHHO VWDNHV L
ZHUH WDNHQ EHIRUH VWDUWLQJ WKH WHVW LI LW ZDV QRW REVFX

7KH MHW VXEPHUJHQFH WDQN ZDV WKHQ LQVHUWHG LQWR WKH MH'
ZDWHUWLJKW VHDO EHWZHHQ WKH WZR FRPSRQHQWYV 7KH RXWOHYV
VXEPHUJHQFH RI WKH MHW QR]]JOH RFFXUUHG GXULQJ WHVWYV SHUI
LQVWUXPHQW ZDV WXUQHG WR WKH *0HDVXUH  VHWWLQJ ZKHUH W
WKH SXPS ZDV WXUQHG RQ 7KH SUHVVXUH ZDV DGMXVWHG XQWLO
VWDELOL]H ZKLOH WKH SRLQW JDXJH UHDGLQJ IRU WKH VWDUW RI
WDNHQ $V HPSKDVL]HG E\ .DUDPLJROEDJKL HW DO WKH =3* ;
RI WKH QR]]JOH UHTXLUHG IRU D IXO0\ IRUPHG MHW WR RFFXU EHIR
GHILQHG WKLV DW RFEBXHBU@Y ZKHDKHLIKW RI WKH MHW QR]]JOH DE
LPSLQJLQJ CERQWKIHQGLDPHWHU RI WKH MHW RULILFH 7KLV LV D U}
GLDPHWHUV VXJIJHVWHG WR EH XVHG DV D JXLGHOLQH IRU D VXLWI
LOQVWUXPHQW XVHG LQ WKLV LQYHVWLJDWLRQ KDG D MHW QR]]OH ¢
QR]]JOH KHLJKW RI PP IRU D IXOO\ IRUPHG MHW WR GHYHORS S|l

BUHVVXUH VHWWLQJV ZHUH FKRVHQ EDVHG RQ WKH H[SHULHQFH RI
VFRXU KROH a FP WR PLQLPL]JH GHYLDWLRQV IURP WKH DVVXPS'
+HUH 6LQJOH 3UHVVXUH 6HWWLQJ 636 WHVWYV ZHUH FKRVHQ LQV!
ODKDOGHU HW DO WR EH UXQ IRU IRXU UHDVRQV



x 036 LPSOLFLWO\ FDXVHV ODUJHU VFRXU KROHV ZKLFK LQFUHD
LQIOXHQFHV EHLQJ LOQWURGXFHG LQ WLOO PDWHULDOV LPSHC
FRQWULEXWLQJ WR DEUDVLRQ

X 7TKH ODUJHU VFRXU KROHV UHVXOWLQJ IURP 036 WHVWYV UHYV X
DVVXPSWLRQ LQ WKH HVWLPDWLRQ RI DSSOLHG VKHDU VWUHYV

X ,Q JHQHUDO UXQQLQJ RQH WHVW DW D FRQVWDQW SUHVVXUH
PD[LPL]HG UDWKHU WKDQ UXQQLQJ VKRUWHU WHVWV DW YDUL
GXUDWLRQV LV DOVR D UHFRPPHQGDWLRQ RI .DUDPLJROEDJKL
ORQJHU WHVW GXUDWLRQ DOVR RIIHUV WKH RSSRUWXQLW\ WR
FKDQJLQJ WHVW GXUDWLRQV

Xx 'HSWK DYHUDJLQJ RI 036 UHVXOWV \LHOGV DQ DYHUDJH RI WKI
XQGHUO\LQJ PDWHULDO ZKLFK LV QRW D WUXH UHSUHVHQWD YV
SDUDPHWHUV UHSUHVHQW D PDWHULDO WKDW LV PRUH UHVLV
LV UHVSRQVLEOH IRU JRYHUQLQJ ZKHQ HURVLRQ WUXO\ LQLWL
JRYHUQLQJ HURVLRQ XSRQ UHPRYDO RI WKH VXUILFLDO OD\HU
036 DUH QRW UHSUHVHQWDWLYH RI HLWKHU SURFHVYV

,Q WKH LQVWDQFH RI VXEDHULDO WHVWVY WKH WHVW VXUIDFH ZDV
LPSLQJHPHQW WR RFFXU E\ SXPSLQJ ZDWHU WKURXJK WKH LQVWU X
VHWWLQJ LH QR LPSLQJHPHQW 7KLV ZDV GRQH WR VWDQGDUG!
EHIRUH WKH EHJLQQLQJ RI WKH WHVW DQG WR DOORZ IRU WKH SXF
LOQLWLDWLQJ WKH WHVW

$W WHVW LQLWLDWLRQ WKH MHW QR]]JOH ZDV URWDWHG WR 3 ,PSLC
LOQOWHUHVW DW WKH VDPH WLPH DV D VWRSZDWFK VWDUWHG WR Ul
UHDGLQJ ZzDV REWDLQHG WKH MHW QR]]JOH ZDV WXUQHG WR 30HDV
SODWHKUHWR WHPSRUDULO\ FHDVH DGYDQFHPHQW LQ WKH JHRORJL
7KH VWDII JDXJH ZDV JHQWO\ ORZHUHG XQWLO LW UHDFKHG WKH W
ZDV UHFRUGHG $W HDFK PHDVXUHPHQW LQWHUYDO SXUVXDQW WF
DQG WKH OHDVXULQJ 3RLQW ZKHUH WKH VWDII JDXJH LQWHUVHFW
RI WKH SOH[LJODVV RI WKH -(7 UHVHUYRLU ,Q VRPH LQVWDQFHV ¢
ZDLWLQJ IRU WXUELG ZDWHU LQ WKH -(7 UHVHUYRLU WR EH UHSOD
DVVHVVPHQW HQVXUHG WKH UHSUHVHQWDWLYHQHVY DQG WKH TXD
WKH HDUO\ YLVXDO GHWHFWLRQ RI SRWHQWLDO REVWUXFWLRQV L
VFRXU KROH SURJUHVVLRQ L H ODUJH VWRQHV RU SHEEOHYV

ORVW ILHOG LPSOHPHQWDWLRQV RI -(7V KDYH D KLJKHU WHPSRUDC
UHFRPPHQGHG E\ +DQVRQ DQG &RRN 5SHFRJQL]JLQJ WKH JUDGL
LQFUHDVLQJ GHSWK :ROPDQ *DVNLQ 'DYLGVRQ $UQRWW |



DQG JUDGLHQWY LQ EXON GHQVLW\ DQG PRLVWXUH FRQWHQW
PHDVXUHPHQW IUHTXHQF\ ZDV KLJKHVW LQ WKH HDUO\ VWDJHV RI
IUHTXHQF\ DV HDFK WHVW SURJUHVVHG +HUH WKH VFKHGXOH RI
VHIPHQWYV 7KH +LJK 5HVROXWLRQ 5DSLG OHDVXUHPHQW +550 SR
$GDSWLYH OHDVXUHPHQW $0 SRUWLRQ RFFXUUHG DIWHU WKH +55
HDFK WHVW 7KH W\SLFDO GLVWULEXWERBDOHRZHYWXIUDPNEW LQWH
FRPSRQHQW RI WKH $0 SRUWLRQ LV WKDW WKH PHDVXUHPHQW LQW
VFRXU KROH SURJUHVVLRQ )RU LQVWDQFH LI DQ LQFUHDVH LQ HU
SDUWLFXODU WHVW WKHQ DGGLWLRQDO PHDVXUHPHQWYV ZHUH UH

7DEOH 7\SLFDO WHVW PHDVXUHPHQW VFKHGXOH

OHDVXUHPHQW OHDVXUHPHQWP@O@BWYDB 70WH 7
PLQ PLQ
=3*
+LJK 5GHVROXWLRQ 5DSLG rcecs
OHDVXUHPHQWYV
+550 csCeECt
tCEeEQy
vCECQG{
{CeCs
s'CE€Cty
$GDSWLYH OHDVXUHPHQWYV tvCECu
$0
u CeCxi
x1 CeC({r

{rCe€Csu

7HVW GXUDWLRQV ZHUH W\SLFDOO\ FRQGXFWHG RYHU D + PLQ:
HIWHQGHG LI REVWUXFWLRQV RU VXEVWDQWLDO GHYLDWLRQV IURI
DSSURSULDWH E\ WKH RSHUDWRU UHVSHFWLYHO\ 7KURXJKRXW HE
SRWHQWLDOO\ LQIDEEGRFUPIUBFRRENG IRU TXDOLW\ FRQWURO RI |
DEVHQFH RI WKH TXDOLW)\ DVV)OEIEBN W B NHF WEWR GRWOW HG HLUD W |
DVVLJQLQJ D ILHOG JUDGH Rl WKH UHSUHVHQWDWLYHQHVV Rl WKH
DVVHVVPHQW RI WKH WHVWLQJ SURFHGXUH FRQVLGHULQJ WKH 4%
ZDV DVVLJQHG WR WKH TXDOLW\ RI HDFK WHVW 7HVW UHVXOWV LC
DQDO\VLV UHVXOWV IURP PRGHUDWH WHVWV ZHUH HLWKHU LQFOX
WHVW UHVXOWV 7HVWV LGHQWLILHG DV JRRG ZHUH LQFOXGHG LQ



4XDOLW\

7TDEOH

,QIOXHQFLQJ )DFWRUV &RQVLGHUHG 'XULQJ )LHO1

([SHFWHG
$VVXUDQFBXOOLQLQIOXHQFH RQ
,GHQWLILFDWER@®UUHVLVWDQFH WR

'"HVFULSWLRQ

1XPEHU HURVLRQ
&RDUVHU SDUWLFOHV IDOO LQWR VFRXU K
$UPRULQJ E\ GLVSODFHG RXW RI WKH KROH E\ WKH -(7
4% FRDUVH 9 LPSHGH DFFHVV Rl WKH JDXJH WR WKH ER
SHEEOHYV KROH UHVXOWLQJ LQ VKDOORZHU VFRXU k
LV UHSUF
$SFFXPXODWLRQ 6DQGY DQG ILQH JUDYHOV DUH HQWUDLQF
4% RI VDQGV ILQH FDXVLQJ DEUDVLRQ DQG LQFUHDVLQJ WKF
JUD WHVW VXUIDFH EH\RQG WKDW
SRRWV RU VWRQHY ZKLFK GRQYW DOORZ V
2EVWUXFWLRQV LPSLQJH RQ WKH ERG\ VXUIDFH FDXVLQJ L
4% LPSHGLQJ M HON GLVVLSDWLRQ EHIRUH HQFRXQWHULQJ WK
LPSLQJHPHQW ORFDWHG GLUHFWO\ DW WKH PHDVXULQJ
IHDWXUH GLUHFWO\ DIIHFWYV
JUDFWXULQJ GXULQJ DGYDQFHPHQW RI Wk
43 Z;Ri%ﬁﬂﬁ%z; H[DJJHUDWHY SUH H[LVWLQJ SODQHV RI Z
LOVHUWLRO &DWHULDOIDFLOLWDWLQJLQFUHDVHGHU
&UXPEOLQJ 7KH UHPRYDO RI ZHDWKHUHG PDWHULDO L
4% GXULQJ ULQJ9 SULRU WR REWDLQLQJ D =3* UHVXOWYV LQ
LQVE PDWHULDO EHLQJ H[SRVHG
%OREN %ORFNV Rl PDWHULDO EHLQJ HURGHG E\ V
43 VHSDUDWLR®: GLVFRQWLQXLWLHYV LQ WKH VFRXU GHSWK
GXULQI WHVW ZLWK LWV LQIOXHQFH RQ SUHGLFWLRQ RI
XQFOHDU DQG GHSHQGHQW |
7KLV ZRXOG OLNHO\ LQFUHDVH WKH DSSD
HURVLRQ RI WKH PDWHULDO GXH WR WKH
43 1DUURZ VFRXU IORZ DQG UHGXFWLRQ RI MHW HQHUJ\ LPS
KROH ' PDWHULDO KRZHYHU WKLV UHPDLQV LQF
WKH FXUUHQW VWDWH RI UHVHDUFK 0D]X
"KHQ WKH GHHSHVW SRLQW RI D VFRXU KR
WKH PHDVXULQJ SRLQW LW LQFUHDVHV W]
OD[LPXP WR HURVLRQ RI WKH PDWHULDO VLQFH OR
43 VFRXU QRW D4V UHVLVWDQFH H[LVW ZLWKLQ WKH WHVW G
PHDVXULQJ FDSWXUHG DW WKH PHDVXUHPHQW SRLQW
SRLQW VWLOO UHSUHVHQWDWLYH RI D SRLQW VD
PHDVXUHPHQW SRLQW DQG WKLV SKHQRP!I
PDWHULDO K
&ULWLFDO 6KHDU :KHQ WKH -(7 FDXVHV LQVXIILFLHQW VFRX
43 BWUHVV RI _ PDWHULDO WKH PDWHULDO FDQQRW EH Fk
ODWHULDO QRW HURGLELOLW\ SDUDPHWHUV 7KHVH LQVWI
H[FHI ORZHU ERXQG RQ ZKDW
"KHQ WKH WHVW KDV WR EH DEDQGRQHG ¢
A% LQVXIILFLHQW. PDOIXQFWLRQ EHIRUH VXIILFLHQW GDWD |
RQ

THVW 'XUDWL

LQIRUP -(7 DQDO\WLY WKH PDWHULDO FDQ
FKDUDF

" KHUMQGLFDWHY DQ H[SHFWHG LQFUHDVH LQ WKH UHVLVWDQFH WR HURVLRQ ; V\
HURVLRQ DQG 9; LQGLFDWHY D SRWHQWLDO LQFUHDVH RU GHFUHDVH LQ UHVLVW



$IWHU HDFK WHVW ZzDV FRPSOHWHG WKH MHW VXEPHUJHQFH WDQN
ZLWKRXW FRQWDFWLQJ RU GLVWXUELQJ WKH WHVW VXUIDFH $V Ul
DQG 5RVH HW DO WKH DVSHFW UDWLR RI WKH UHVXOWDQW \
ZLGWK RI WKH KROH DQG WKH PHDVXUHPHQW SHUSHQGLFXODU WR
WHVW VXUIDFH ZHUH DRBBSSHQHGLZKWHUH IHDVLEOH

BHDVRQDO ,QIOXHQFHYV

,Q $XIXVW DQG 6HSWHPEHU RI WHVWYV ZHUH SHUIRUPHG DW
DQG $SULO RI WHVWYV ZHUH SHUIRUPHG DW WKH VDPH VLWH '
UHVXOWY 7KH WHVWYVY SHUIRUPHG LQ WKH VSULQJ RI ZHUH FRQ

WKH WHVWV SHUIRUPHG RQ VXEDHULDOO\ HISRVHG SRUWLRQV RI
WKH FUHHN 7KH ODWH ZLQWHU DQG HDUO\ VSULQJ FRQGLWLRQV F
SURFHVVHVY DFWLQJ RQ FRKHVLYH VHGLPHQW FRLQFLGLQJ ZLWK W
SHDN LQ WKH I[UHTXHQF\ RI lJUHH]H WKDZ F\FOHV FRLQFLGLQJ ZLWK
DQG SRUH ZzZDWHU SUHVVXUH IURP VQRZ PHOW 6HDVRQDO SURFHV\
ZHDNHQHG PDWHULDO DQG HURVLRQ DW WKLV WLPH RI WKH \HDU F
HURVLRQ LQ D VI\IVWHP :ROPDQ +DUULVRQ /IDZOHU &l
DO $ FRPSDULVRQ EHWZHHQ WKH VXPPHU DQG VSULQJ WHVYV
ZHDWKHULQJ SURFHVVHV LQ WKH HDUO\ VSULQJ DOWHU WKH FKDUI
RI EDQN PDWHULDO FRPSDUHG WR WKH VXPPHU



&KDSWHU
SHVXOWYV RI )LHOG &DPSDLJQ

7KLY VHFWLRQ SUHVHQWY WKH UHVXOWYV RI WKH ILHOG FDPSDLJQ
FRPPHQWY UHJDUGLQJ WKH VXLWDELOLW\ DQG UHSUHVHQWDWLY H(

J)LHOG FDPSDLJQ VXPPDU\

'XULQJ WKH ILHOG FDPSDLJQ WHVWY ZHUH SHUIRUPHG GXULQJ
WHVWYV ZHUH SHUIRUPHG LQ WKHDESWGL QW G WW B BRRXE EHB WU ROHYMUL
FRQGXFWHG SHU VLWH DQG WHVWYV UHPRYHG WKURREIOMKH TXDOL
ORUH GHWDLOHG TXDOLWDWLYH DVVHVVPHQWYV RISSAQGIHUIRUPHG

7DEOH 4XDOLW\ DVVXUDQFH FXOOLQJ RI -(7V E\ WH'
JLHOG *UDGH

7HVW VLWHIXPEHU RI WHVWV 7HVWY HIFOXG .
gg%)#gégn7RWDC)6XPPHU@§§G@@HUDNMRU DQDO\WLY UHSUHVHQWDWLYH
4$ FXOMEOH wWHVWYV
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+LVWRJUDPV Rl WHVW GXUDWLRQV WKH PD[LPXP PHDVXUHG VFRXL
WKH -(7V FRPSOHWHG GXULQJ WKH)LUNO& HFDWS®XU Q WLRHQ 8 LR+5@\WD UH
PLQXWH QKUODWHLRR[LPXP VFRXU DORQJ WKH FHQWXHGILEH RI WK
VNHZHG WRZDUGV VKDOORZHU VFRXU GHSWKV DRBLROPXPHUR SRLQ
UHTXLUHPMNQWIRU D IXOO\ IRUPHG MHW WR GHYHORGSTSDWRB Q@R LPS
LV DSSOLFDEOH GXULQJ WK s DM IOBD@E® FRV LR IOH. H 7 WHWHXR MWW QR]]O
D VXIILFLHQW KHLJKW DERYH WKH WHVW VXUIDFH DW WHVW LQLWL
WKH MHW SRWHQWLDO FRUH DV SHU 5DMDUDWQDP DQG %HOWDRYV

J)LIXUH +LVWRJUDPV RI D 7THVW GXUDWLRQ E OD[LPXP VFRXU R(
F =HUR SRLQW JDJH UHDGLQJV

6XLWDELOLW\ RI -(7 PHWKRGRORJ\ DW VWXG\ VLWHYV

7KH -(7 ZDV DEOH WR DGHTXDWHO\ SHUIRUP LQ WKH PDWHULDOV W
':DUWEXUJ 7LOO :&0 DW :KLUO &UHHN LQ OLWFKHOO 2QWDULR )L.
FKDOOHQJLQJ PDWHULDO WR DSSO\ WKH -(7 PHWKRGRORJ\ ZLWKLQ
SURQH WR EORFN VHSDUDWLRQ ZLWK IUDFWXUHV RIWHQ IRUPLQJ C
WKH SUHVVXUH KHDGV DW WKLV ORFDWLRQ ZHUH RIWHQ REVHUYHC
EORFN VHSDUDWLRQ DQG HQWUDSPHGWHDHM RWKKHSRILQWNRIQIERS L Q JZ



DSSOLFDWLRQ ZzDV REVHUYHG WR KDYH OLPLWHG DSSOLFDELOLW\
SURJUHVVLRQ RI WKH VFRXU KROH LV SDUDOOHO WR WKH EHGGLQJ
VHSDUDWLRQ ZLWK WKH MHW LPSLQJLQJ GLUHFWO\ XSRQ SUH H[LV
EH DQ LVVXH LQ WLOOV ZKLFK W\SLFDOO\ KDYH D PDVVLYH WH[WXL

6LPLODU WR RWKHU LQYHVWLJDWLRQV DSSO\LQJ -(7V ZLWKLQ WLO
DEUDVLRQ ZDV REVHUYHG WR RFFXU YHAXDWLAHXWH ARKHQWO\ G X
I[UHTXHQF\ DW ZKLFK LW RFFXUUHG ZDV GHSHQGHQW XSRQ WKH PD
ODU\KLOO 7LOO 6WLUWRQ 7LOO EHLQJ OHVV LQIOXHQFHG E\ DEUD
PRUH YDULDEOH JUDLQ VL]H ZHUH PRUH IUHTXHQWO\ VXEMHFWHG \
DEUDVLRQ DOWHUV WKH HURGLELOLW\ SDUDPHWHUV HVWLPDWHG |
SUHVVXUH DW ZKLFK WKH WHVWYV ZHUH FRQGXFWHG 7HVWV DW KL,
WKH PRELOL]HG SDUWLFOHV ZKLFK VXEVHTXHQWO\ LPSDUW KLJKHL
LQ WKH MHW QR]]JOH WR MHW UHVHUYRLU UDWLR EHWZHHQ WKH RU
DEUDVLRQ ZLWKLQ WKH PLQL MHW DSSDUDWXV FRPSDUHG WR WKH

DQG 6KXJDU HW DO +RZHYHU QR GLIIHUHQFHYVY ZHUH RE
SDUDPHWHUYV HVWLPDWHG IURP 2ULJLQDO -(7 GDWD .KDQ DQC
JOHWFKHW$® IF~IPGEINK FOH QRW WKH RQO\ IDFWRU WKH SUHVHQFH RI
FRQWULEXWH WR WKH ODFN RI SODWHDXLQJ LQ WKH VFRXU GHSWK
$SSHQGEZKLY ZRXOG EH D UHVXOW RI WKH DSSOLHG VKHDU VWUHV?
SURJUHVVLRQ GHYLDWLQU GUHRFR) MXVFHM HDW KA IGH BX.OMWAYYQFH EHW ZHF
PDWHULDO LQFUHDVHVY WRZDUG WKH DEUDVLYH IRUFHV FRQWURO
SDUWLFOHYV

6KXJDU HW DO QRWHG WKDW DEUDVLRQ GXULQJ -(7V PD\ EH P
GXULQJ IORRG HYHQWYV ZKLFK ZRXOG PRELOL]JH SDUWLFOHV ZLWKL
ORDGYVY FRQWDFWLQJ VWUHDP EDQNV DQG VWUHDP EHGV )XUWKHU
FRQVROLGDWHG FRKHVLYH VRLO LV ODUJHO\ GHVFULEHG E\ WKH W
RYHUO\LQJ WKH FRKHVLYH VRLO DQG 3LNH HW DO REVHUYHG
FRKHVLYH WLOO VLJQLILFDQWO\ UHGXFHV WKH FULWLFDO VKHDU V
FKDUDFWHUL]DWLRQ RI FRKHVLYH PDWHULDOYYVY UHVLVWDQFH WR H
PDWHULDO 7KLV DOVR LQGLFDWHYV WKDW ZKLOH DEUDVLRQ GXULQ
LPSRVHG VKHDU VWUHVYV ZKLFK DVVXPHV FOHDU ZDWHU LPSLQJLQ
DEUDVLRQ ZLWKLQ WKH WHVW FLUFXPVWDQFHYV PD\ LQFUHDVH WKFE
HURVLYH HYHQWYV $W WKH YHU\ OHDVW WKH RFFXUUHQFH RI DEUL



UHODWLYH WR WKH WKHRUHWLFDO FOHDU ZDWHU FRQGLWLRQV DQ
-(7 UHVXOWV ZKLFK PD\ EH XVHIXO IURP DQ HQJLQHHULQJ SHUVSHF
K\GUDXOLF VKHDU WKUHVKROGYV +RZHYHU WKLV SRLQW RI GLVFX\
DOWHULQJ WKH IRUFHVY DSSOLHG WR WKH PDWHULDO DQG QRW WK
HURGLELOLW\ SDUDPHWHUYV UHVXOWLQJ IURP D -(7 DUH LQWHQGHC

J)LIXUH J)DFWRUV LQIOXHQFLQJ WKH UHSUHVHQWDWLYHQHVV RI -
:KLUO &UHHN E VDQGV FDXVLQJ DEUDVLRQ GXULQJ WHVW DW 0&(
)& G OD[LPXP VFRXU QRW DOLJQLQJ ZLWK PHDVXULQJ SF

,Q WLOOV ZLWK YDULDEOH JUDLQ VL]HV LW ZDV RFFDVLRQDOO\ RE
LQ WKH VXVSHQVLRQ RI WKH MHW HIIOXHQW DFFXPXODWH ZLWKLQ
VFRXU KROH 7KLV FDQ FDXVH DUPRXULQJ RI WKH VFRXU KROH SU
WKH WHVW VXUIDFH ZKLFK PD\ LQIOXHQFH WKH GHSWK RI VFRXU W

DQG .KDQ QRWHG WKDW ZKHQ SHUIRUPLQJ WHVWYV LQ WL«
VFRXU KROH E\ KDQG GXULQJ PHDVXUHPHQW SHULRGYV ZKHQ WKH W
ZLWK WKH HQFORVHG WRS RI WKH PXOWL DQJOH PLQL MHW DSSDUI
LQ VRPH WHVWV DORQJ EHG PDWHULDOV DW ORZ SUHVVXUHV ZKHU
ODUJHU JUDLQV IURP WKH VFRXU KROH +RZHYHU WKLV SUREOHP .
ZKHUH JUDYLWDWLRQDO IRUFHV DVVLVWHG PDWHULDO RXW RI WKF

)XUWKHU GXH WR WKH VPDOOHU MHW QR]]JOH DQG VXEVHTXH



PLQL -(7V FRPSDUHG WR RULJLQDO -(7V WKH IUHTXHQF\ RI HQFR X
WKH VFRXU KROH LV UHGXFHG

,Q VRPH LQVWDQFHYV LW ZDV REVHUYHG WKDW WKH GHHSHVW SDU'
D[LV RI WKH MHW DQG VXEVHTXHQWO\ GLG QRW DOLJLZXWHK WKH F
G 7KLV LV HYLGHQFH WKDW WKHUH LV YDULDELOLW\ LQ HURVLRQ
DSSDUDWXV + LQ WKLV LQVWDQFH PRUH HURVLRQ RFFXUV DW D OR
FHOQWUH RI WKH LPSLQJLQJ MHW 7KLV PDWHULDO KHWHURJHQHLW
PHWKRGRORJ\ )OXPH WHVWYV DOVR QRWH WKDW FHUWDLQ SDUWYV F
RWKHUV 3DUWKHQLDGHYV 3LNH .DPSKXLV 7KLV KLJK
VDPSOH DW WKH GLUHFW ORFDWLRQ RI MHW LPSLQJHPHQW DQG DV
WHVW DV UHSUHVHQWDWLYH RI VLWH FRQGLWLRQV $V UHFRPPHQC
SHU OD\HU RI PDWHULDO EHLQJ LQYHVWLIJDWHG FDQ SURYLGH DQ |
SDUDPHWHUYV

$VSHFW UDWLRV Rl WKH UHVXOWLQJ VFRXU KROHV ZHUH PHDVXUH:{¢
FULWHULRQ LQ WKH GHWHUPLQDWLRQ RI WKH TXDOLW\BQ‘Rﬁ WKH -(7

2ia

LLIXUHRI ZDV SURSRVHG E\ :HLGQHU KRZHYHU WKLV ZDV E
WKH RULJLQDO -(7 DSSDUDWXV DQG LV QRW UHIOHFWLYH RI WKH P
SHUIRUPHG XVLQJ WKH VPDOOHU QR]]JOH VL]H RI WKH PLQL -(7 $SS
RI' WR WKH UHVXOWYV RI WKLV LQYHVWLIJDWLRQ LV XQUHDVRQDEO
REVHUYHG WR EH UHSUHVHQWDWLYH DQG DOLJQHG ZLWK VLPLODU
FRQFHSWXDO SUHPLVH WKDW WKH PLQLPXP DFFHSWDEOH DVSHFW
QR]]JOH GLDPHWHU UDWKHU WKDQ EHLQJ LQGHSHQGHQW RI LW DV

'LWK WKH PLQL -(7 QR]]JOH EHLQJ VPDOOHU WKDQ WKH 2ULJL
WKH PLQLPXP DFFHSWDEOH DVSHFW UDWLR IRU PLQL -(7 WHVWYV L\
2ULJLQDO -(7V ,QYHVWLJIJDWLRQ LQWR D PLQLPXP DFFHSWDEOH DV
UDWLR WR WKH MHW QR]]OH GLDPHWHU LV DQ DUHD WKDW VKRXOG



&KDSWHU
$QDOVWLF OHWKRGRORJ\

7KLV VHFWLRQ GHWDLOV WKH PHWKRGY HPSOR\H&KDRQSWBKQELZ UHVHD
HQVXUH WKDW WKH DQDO\VLVY SURYLGHV UHVYKXKOWY Wb KDMO W/BHK QBI\E
PHWKRG WR WKH 0XOWL 3UHVVXUH 6HWWLQJ 036 WHVWV SURSRV}
PDWHULDO KHWHURJHQHLW\ LV SURSRBRWYR® ILRRQWKXWQ URXEEHMWHVW V
7KLV UHVXOWYV LQ HDFK -(7 EHLQJ VHSDUDWHG LQWR WZR UHJLRQ\

ZHDWKHUHG VXUILFLDO PDWHULDO 7\SH DQG WKH VHFRQG UHSL
7\SH

JLIXUH 2XWOLQH RI DQDO\WVLV ZRUNIORZ

I1HW DQ XQFHUWDLQW\ DQDO\VLV RI WKUHH -(7 VROXWLRQ WHFKQ
KRZ PXFK LQIOXHQFH WKH GXUDWLRQ RI D -(7 DQG WKH IUHTXHQF\
WKH HVWLPDWHG HURKHRW LR QWH SOIUDPHWHUAWOXWLRQ WHFKQLTXH
DIIHFW WKH UHOLDELOLW\ RI -(7 UHVXOWV E\ &RVVHWWH DQG
XQFHUWDLQW\ DQDO\VLYV LV SHUIRUPHG E\ UHVDPSOLQJ -(7V XQGH!
FXPXODWLYH WLPHOWHWRQDVWWMHRWY ZKHWKHU WKH XQFHUWDLQW\ DVVI



WHFKQLTXHV LV D UHVXOW RI PDWHULDO KHWHURJHQHLW\ ZLWKLQ
DQG ZLWKRXW WHVW VHIPHQWDWLRQ EHLQJ DSSOLHG

7KHQ WKH UHVXOWV RI -(7V ZLWKLQ +DOWRQ 7LOO PHDVXUHG DW
LQWUD JHRORJLF XQLW YDULDELOLW\ RI HURGLELOLW\ SDUDPHWH L
DFURVV DOO VLWHYV L U UHHFSHARMDXYUHV R H UH PORILW KQ IDWH SHUIR
DVFHUWDLQ KRZ HVWLPDWHVY RI HURGLELOLW\ SDUDPHWHUV FKDQJ
FKDQQHO EHG YV FKDQQHO EDQNLVIPBME® & VWBMRAMIGRYORY VKRZQ

1H[W WKH GHSWK RI WKH 7\SH UHJLRQ IRU HDFK -(7 GHWHUPLQH
VXUURJDWH IRU WKH SUHVHQFH RI ZHBBWRWURG@ LFPDWBULW R WWHHD\E
HURGLELOLW\ SDUDPHWHUV WKLV YDOXH LV FRPSDUHG EHWZHHQ
WKURXJKRXW D VWUHDPYV FURVV VHFWLRQ DQG FRPSDUHG EHWZF

/IDVWO\ WR DVVHVV WKH LQIOXHQFH RI VHDVRQDO SURFHVVHV RQ
GHSWK RI WKH 7\SH UHJLRQ DQG WKH 7\SH HURGLELOLW\ SDUDP
LQ WKH VXPPHU DQG WKH HDUO\ VSOHRWIDRM *DLQVERURXJK 5DYLQ}

THVW VHIPHQWDWLRQ

7R DFFRXQW IRU PDWHULDO KHWHURJHQHLWLIXUMBPEI SUHHFWLRQ
DQRG WKH HOHYDWHG XQFHUWDLQW\ DW WKH LQLWLDWLRQ RI -(7V

WR WKH KLIJIKHVW VWUHVVHY DQG WKH VXGGHQ DSSOLFDWLRQ RI D
HPSOR\HG WKDW VHJPHQWY WKH -(7 LQWR WZR UHJLRQV 7\SH = L
D UHJLRQ RI KLIKHU FRQILGHQFH WKDW WKH DVVXPSWLRQ RI PDWHF
GDWD KROGV WUXH 7KLV WHUPLQRORJ\ LV DGDSWHG IURP WKH FO
7\SH , HURVLRQ WKH HURVLRQ UDWH H[SRQHQWLDOO\ GHFD\V ZLW
FRQVWDQW ZLWK WLPH ZKLFK .KDQ HPSOR\HG WR FODVVLI\ Z|
-(7V 7KH WHVW VHIPHQWDWLRQ PHWKRGRAQRUHLY FRQFHSWXDOO\



JLIXUH &RQFHSWXDOL]DWLRQ RI WHVW VHIJPHQWD

6HIPHQWLQJ WKH WHVWYV LQ WKLY PDQQHU DFFRXQWYV IRU PDWHUL
VFRXU KROH DQG PHWKRGRORJLFDO OLPLWDWLRQV RI WKH -(7 7KL

x ,PSURYH WKH UHSUHVHQWDWLYHQHVV RI WKH UHVXOWLQJ HUR
x BHGXFH WKH XQFHUWDLQW\ RI WKH HURGLELOLW\ SDUDPHWHU
PHDVXUHPHQW IUHTXHQF\
Xx )DFLOLWDWH WKH XVH RI WKH GHSWK RI WKH ILUVW VHIJPHQW
PDWHULDO DW D VLWH
7KH VHJPHQWDWLRQ RI -(7V LV SURSRVHG DV DQ DOWHUQDWLYH P}
IRU PDWHULDO KHWHURJHQHLW\ ZLWKLQ -(7 VFRXU KROHV 036 ZD\

WR LWV OLPLWDWGERBWL\RXPPDUL]JHG LQ

7KH PHDVXUHPHQW VFKHPH DGDSWLYH WLPH VWHSSLQJ HPSOR\H(
WHPSRUDO UHVROXWLRQ WR FDSWXUH WKH UHODWLYHO\ HOHYDWF
SURFHVVHVY DW WKH EHIJLQQLQJ RI HDFK WHVW YHUVXV WKRVH RI V
ODWHU FXPXODWLYH WLPH RI HDFK WHVW +HUH ZH GHPDUFDWH D
WKH VHIPHQWDWLRQ GHSWK WKURXJK WKH WHFKQLTXHV OLVWHG
ZHDWKHUHG UHJLRQ 7\SH DQG WKRVH EHORZ LQ WKH UHODWLYH
WHFKQLTXHV RI GHPDUNLQJ WKH VHIPHQWDWLRQ GHSWK DUH



X YLVXDO LQVSHFWLRQ RI DQ LQIOHFWLRQ SRLQW LQ WKH HURYV
SURJUHVVLQJ FXPXODWLYH WHVW GXUDWLRQ )LJXUH
X WKH SRLQW RI WKH PD[LPXP QRUP RI UHVLGXDO HUURU EHWZH
'"HSWK OHWKRG 6' DQG WKH PHDVXUHG VFRXU GHSWK )LJXUH
x DQG DQ LWHUDWLYH DQDO\VLV RI YDULDQFH WHFKQLTXH GHYF
HURVLRQ UDWHV RI HDFK -(7 )LJXUH
7KH ILUVW WHFKQLTXH RI VHIPHQWDWLRQ GHSWK GHPDUFDWLRQ L
HYDOXDWH WKH SURJUHVVLRQ RI WKH VFRXU GHSWK YHUVXV WLPH
LQIOHFWLRQ SRLQWYV RIEFPXWH7®HPWRHIPWMOQIWDMERQ GHSWK LGHQWLIL
ZLWK QRWDWLRQV PDGH GXULQJ WKH ILHOG WHVW WR HQVXUH LW
SURJUHVVLRQ RI WKH WHVW 7KH XVH RI EORFN VHSDUDWLRQ DV L
PLQOQXWHYV RI WKH WHVW 7KLV FXPXODWLYH WLPH GXUDWLRQ WKUH
LQFUHDVHG IUHTXHQF\ RI RFFXUUHQFH LQ WKH HDUO\ VWDJHV RI W
VHSDUDWLRQ FRQWLQXHV WR RFFXU ZLWKLQ 7\SH ,, HURVLRQ DV L

GLVFRQWLQXLWLHYV /HIHEYUH HW DO .DPSKXLV DQG +DOO

7KH VHFRQG WHFKQLTXH RI GHPDUNLQJ WKH VHIPHQWDWLRQ GHSW
LQYROYHV FRPSDULQJ REVHUYHG VFRXU GHSWK UHVXOMWVYHKRVR WKH

%\ PLQLPL]LQJ WKH VXP RI WKH QRUP RI WKH UHVLGXDOV DW HD
SUHGLFWHG DQG REVHUYHG VFRXU GHSWKV WKH PRGHOOHG VFRX
PHWKRGRORJ\ UHSUHVHQWYV WKH F ORMHVYMR MR VIDMOXHERIH DWWEBIR[L
OLQHDU H[FHVV VKHDU VWUHVVY PRGHO WR WKH REVHUYHG GDWDYV
DELOLWLHV RI 6' FRPSDUHG WRS®%® G 1iKH GH PARH &/ UDVHHEE R\WQHG VFR
WKH REVHUYHG VFRXU GHSWK GHPRQVWUDWH PD[LPXP GLYHUJHQF
OLQHDU H[FHVV VKHRDWMRMIKY RBGMXKH PD[LPXP GHYLDWLRQ IURF
REVHUYDWLRQV 7KLV WHFKQLTXH RI GHPDUNLQJ WKH VHIPHQWDW
WLPH VHULHV ZLWK WKH OD[LPXP 1RUP RI WKH 5HVLGXDO EHWZHHC
REVHUYHG GHSWKV DV WKH VHIPHIQWDWLRQ GHSWK GHPRQVWUDW

7KH WKLUG WHFKQLTXH RI GHPDUNLQJ WKH VHIPHQWDWLRQ GHSWt
PHDVXUHG VHTXHQWLDO HURVLRQ UDWHV WKURXJKRXW HDFK -(7 E

7KLV WHFKQLTXH FDQ EH UHSHDWHGO\ DSSOLHG WR VHTXHQW
GLYLGHG LQWR DV PDQ\ WLPH VHIJPHQWY DV GHVLUHG +HUH D EL
GDWDVHW LV GLYLGHG LQWR RQH VKRUW VHIPHQW ZLWK D PLQLP>
VXP RI VTXDUHV ZLWKLRSHDVFKVKNKE VBDFEKQWWHG DV
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ZKHDHV WKH QXPEHU RI VHJIPHQW K LM W KK QX REHAH RUMKWD SRLQW
VHIPH@W WAB R LIQ WWIGH WPKHQM WKH P HMOHRP MW M7KH VXP RI VTXDU
EHWZHHQ Vo] PY QWKWHQ FD OFTXIDWLHR® XVLQJ

AL Ko [
Rl g :Rig? -

ol 67?5

ZKHUH : LV WKH RYHUDOO PHDQ RI WKH VHTXHQFH RYHU WKH HQWI
UHJLRQV

_LAEB.%%?@@
Abs &
7KH WUDQVLWLRQ SRLQW EHWZHHQ VHIJPHOWYV t D& IBBOHG LQ DO

FDOFXODWHG IRU HDFK SRVVLEOH VHIPHQWDWLRQ GHSIWK )RU HD
FDOFXODWHG DV

1j211;
[N

4; L
7KH PHDVXUHPHQW SRLQW ZLWIKOWKB CONMANINHISG K@ WLIZHG DV W
VHIPHQWDWLRQ GHSWK GHOLQHDWLQJ WKH WUDQVLWLRQ EHWZHEHE

7KH UHVXOWV RI WKHVH WKUHH PHWKRGV RI VHIPHQWDWLRQ GHSW
UHSUHVHQWDWLYH VHIPHQWDWLRQ GHSWK IRU HDFK -(7 'XH WR W
VHDVRQ WHVWY WKH FRPSDULVRQ RI WHVW VHIPHQWDWLRQ WHFK
VXPPHU VHDVRQ WR DYRLG DQ\ XQGXH LQIOXHQFH IURP VHDVRQDO



JLIXUH '"HPRQVWUDWLRQ RI VHIPHQWDWLRQ GHSWK GHPDUFDW

5HVDPSOLQJ PHWKRGRORJ\ IRU XQFHUWDLQW\ DQDO\VLYV

-(7 GDWD ZLOO EH DQDO\]JHG XVLQJ WBRE®HVKRO% WD RYGW B BKOHWX R
SURSRVHG E\ +DQVRQ DQG &RRN WKH 6FRXU '"HSWK OHWKRG |
WKH OLQHDU UHJUHVVLRQ RI DSSOLHG VWUHVVHY DQG HURVLRQ U
WKUHH SDLUV RI HU RSG DBEOR KD UDCFWDHPUHLWY IH@NV VWOKES . D VyH U DR G

Gi,, Toag D@AZe ZKHUH WKH VXEVFULSWV %0 6' DQG /5 UHSUHVHQW W
OLVWHE& C8HVSHFWLYHO\

6HYHUDO UHVHDUFKHUV LQFOXGLQJ &RVHWWH .DUDPLJROEDJ
ODKDOGHU HW DO KDYH REVHUYHG WKDW XQFHUWDLQW\ FDQ
HVWLPDWHG IURP -(7V E\ DOWHULQJ WKH GXUDWLRQ RI WKH -(7 DQ
GXULQJ WKH -(7 7R FRPSDUH WKH XQFHUWDLQW\ RI WKH WKUHH VI
WHVW GXUDWLRQ DQG PHDVXUHPHQW IUHTXHQF\ HDFK -(79V GDWLC



EH DQDO\]HG XVLQJ WKH %0 6' DQG /5 PHWKR®GEQHWKD GLIITHUHQ\
6FHQDULRY + DUH XVHG WR FRPSDUH KRZ HVWLPDWHY RI WKH H
'DWD 6FHQDULRYV DQG + DUH XVHG WR FRPSDUH KRZ HVWLPL
PHDVXUHPHQW IUHTXHQF\ )XUWKHU WKHVH UHVDPSOLQJ VWUDWH
VHIPHQWDWLRQ EHLQJ DSSOLHG WR -(7V WR GHWHUPLQH KRZ WKH
E\ WHVW VHIPHQWDWLRQ )LJXUH 7KH UHVXOWY RI WKLV DQDO\\

X )DFLOLWDWH FRPSDULVRQV EHWZHHQ VROXWLRQ WHFKQLTXH\
GXUDWLRQ DQG PHDVXUHPHQW IUHTXHQF\

Xx )DFLOLWDWH DVVHVVPHQW LI WHVW GXUDWLRQ DQG RU PHDV>
FRPSDULQJ -(7V

Xx 'HWHUPLQH LI WKH 7\SH UHJLRQ DW WKH EHJLQQLQJ RI D -(7
HVWLPDWLRQ RI HURGLELOLW\ SDUDPHWHUYV

7KH YDULRXV 'DWD 6FHQDULRY FRQVLGHUHGDIEEHDWKLY XQFHUWDLQ\
$00 'DWD 6FHQDULRYVY H[FHSW 'DWD 6FHQDULR RQO\ FRQVLGHUHC

%0 6' DQG /5 ZLWK DQG ZLWKRXW WHVW VHIPHQWDWLRQ EHLQJ D
DQDO\IHG IRU D WRWDO RI GLITHUHQW FRPELQDWLRQV RI 'DWD 6



7TDEOH '‘DWD LQSXW VFHQDULRYV IRU XQFHUWDLQW\ DQDO\VLV RI -(7 VR

"DWD $SSOLHG $SSOLHG WR WHVWYV
. . WR WHVWYV ZLWZKIRXK
6FII—|QDULR DWD 6FHQDULR HVFULSWLRQ VHIPHQWDWHRRHQWDWLRQ 7
' &7

. U é.GDWD VHTXHQFH IURP ILHOG UHFRUGV _7KLV LQFOXGHV PHDVXUHPH
)XOO /HQJWK=*)LHOG @MKB R QRW L(LQFUH HURVLRQ <hY 'k

7KLV VFHQDULR UHPRYHV UHGXQGDQW PHDVXUHPHQWY ZKLFK GR QRW GHVFL
)XOO /HQIJWK*1R =HUR HIRWMIRY SRARWWLQJ VLQFH WKH SUHYLRXYV PHD<V HPHQW 7ﬁKI'|Eg UHPRYHV

)/ 1= PHDVXUHPHQWY ZKLFK GR QRW DGG DQ\ GHVFUL LYH YDOX I WKH VFRXU
SURJU
7KLV LOQSXW VFHQDULR WUXQFDWHV WKH VFHQDULR DW D WHVW OHQJWK R
,] QR ILHOG PHDVXUHPHQW RFFXUUHG DW WKH PLOQXWH PDUN D PHDVXUHF

_ V%R/\‘f@ UO\ LQWHUSRODWHG $OVR D PLQLPXP WHUPLQDO PHDVXULQJ LC
PLQ 1R1;HUR (URVLégQ \{ﬁlgDV PDLOQWDLQHG GXULQJ WKH UHVDP§ QJ SURFHyN DV UHFRPPH

.KDQDO D ,Q WKH LOQOVWDQFH WKDW WKH LQWHUSRODWHG L\éWHUYDO ZD)
WKH UHTXLUHG PLQXWHV WKH WLPH DQG LQFUHPHQWDO VFRXU GHSWK ZDV

WKH SHQXOWLPDWH PHDVXUHPHQW $00 RWKHU PHDVXUHPHQWY UHPDLQ XQI
IURP VFHC

PI1R =HUR (URVLRQ ,QSXW 6FHQDULREXW WUXQFDWI <F <t
P[1R =HUR (3RLQWV ,QOSXW 6FHQDULR LV VLPLODU W <F <F
P[1R =HUR (URVLRQ ,QSXW 6FHQDULR LV VLPLODU W <F <F
P[1R =HUR (URVLRQ ,QS6FHQDULR LV VLPLODU WR <F <F

7KLV VFHQDULR XWLOL]JHV WKH DV D EDVHOLQH DQG DGMXVWV WKH WLPLQ.
PHDVXUHPHQWY VXFK WKDW RQH PHDVXUHPHQW RFFXUV HYHU\ PLQXWHYV /I
LQWHUSRODWLRQ RI PHDVXUHPHQWY RQ HLWKHU VLGH RI WKH GHVLUHG PL

)XOO0 OHQJIJWK + 6WDQ@BUGL$HG IRPIPGIG 6LQFH WHVW GXUDWLRQV GLG ﬁggw DOZD\V,_ O RQ D PXO
5HDGLQJV 67 PLOQXWH LQWHUYDOV WKH WHUPLQDO PHDVXUHPHOW LQWHUY ZDV DGMXV)
WKH SURSHU WHVW GXUDWLRQ ZKLOH VWLOO PDLQWDLQLQJ D PLQLPXP RI D
WHUPLQDO WLPH DV SHU .KDQDO D 7KLV UHVXOWV LQ D WHUPLQDO PHD)
LOQWEHWZHHQ D\
7 XW_VEHQDULR LV VLPLODU WR KHUH ZLWK PHDVXUHPHQWYV RFEXU
)Xoosﬂg%f_\g?\/* g;’VDQQﬁ&/‘%ggéoo\ﬁ\L«% H[SOLFLWO\ WR PLQXWH LQWHHWDOV UDWKHY WKDQ PLQ.

7KLV UHVXOW PHDVXUHPH EHWZHHOQ DQ

SV:’YVFI-E&%R&R LV VLPLODU WR KRZHYHU LW LQFRUSRUDWHY PHL
)X00 OSHHQDJGV\II_E;VESV\G/?QE)GDQ%LL\“J_?QX)& I-(IDLa DOV IRU WKH ILUVW PLOQXWNV EHIRUH ¥Y¥EVWFKLQJ WR "
PHDVXUH PLQLQWEF

7 XW VEHOQDULR LV VLPLODU WR WKH KRZHYHU LW LQFRUSRUDWH:
)X0O OHQJIWK * 6WDQ E{/L;ggé \év
5DSLG SHDGLOIV BT PHOWY DW PLOXWH LQWHUYDOV IRU WKM ILUVW PLKWHV D VXE

LOQWHUYDO IIPLQXWH LQWHU




7R GLITHUHQWLDWH EHWZHHQ 'DWD 6FHQDULRY ZLWK DQG ZLWKR X\
FRPELQHG 7\SH DQG 7\SH VHJPHQWYVY ZLOO EH DSSOLHG WR 'DW
7\SH HURVLRQ ZLOO EH DSSOLHG WR 'DWD 6FHQDULRYV ZLWK VHJ
DVVHVV WKH XQFHUWDLQW\ UHODWHG XWRDWE VWKE& X D B\WLERFH Q DU L\
HYDOXDWHG WR DVVHVV XQFHUWDLQW\ UHODWHGXWR PEHDV XUHPHQ

JLJXUH 'DWD 6FHQDULRV XVHG WR DVVHVV XQFHUWDLQW\ RI -
VHIPHQWDWLRQ DQG E PHDVXUHPHQW IUHTXHQF\ DQG

7KH XQFHUWDLQW)\ RI HG RGE1LE DLW N XSORVDIPRHQVRUWHVW GXUDWLRQ
FDOFXODWLQJ WKH SHUFHQW FKDQJH LQ HURGLELOLW\ SDUDPHWH!
6FHQDULR )/1= $Q H[DRZGNWILFRWPBSOUURP %0 IRU 'DWD 6FHQDU
WKH HURGLELOLW\ SDUDPHWHU HVWLPDWHG IURP 'DWD 6FHQDULR

. OAD:JCA(»/EBK%G(.O?K,/OérrO<LA'[a%?’/&-,,(‘,E?A[a%?’/&-l/z(; Hsrr

Aisy,7° R vy
KHUH, g2u1;AcleV WKH HURGLELOLW\ FRHIILFLHQW HVWLPDWHG E\ %0
VHJPHQWDWLRQ-&Z;)?/yj.[§44MGNKH HURGLELOLW\ FRHIILFLHQW HVWL
6FHQDULR ZLWKRXW VHIJPHQWDWLRQ &7 1=




7R DVVHVV LI VHIPHQWLQJ WKH -(7V L H LVRODWLQJ WKH 7\SH l
GXUDWLRQ WKH FKDQJHV LQ HURGLELOLW\ SDUDPHWHUV UHVXOWI
FRPSDUHG ZLWK DQG ZLWKRXW VHIRBYWR@ERMW IHREH WKH UHVXOW
FRPSDULVRQV ZHUH VWDQGDUGL]HG WR WKH HURGLELOLW\ SDUDP'
GHPRQVWUDWHG EHORZ XVLQJ WKHXMDPHRERRPSDULVRQ SUHVHQWH(

"UD=JCA,BKBEL(.0<PItsrro< L AnTA e PAwTA meb oy

Aisy, 7R % E

ZKHUH gri6,aclkV WKH HURGLELOLW\ FRHIILFLHQW HVWLPDWHG E\ %0
VHIPHQWDWIR@sHQE WKH HURGLELOLW\ FRHIILFLHQW HVWLPDWHG
7 1= ZLWK VHIPHQWDWLRQ

7KH XQFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHIHZ ED XDAMMHEV IRPE DV
WKURXJK VL[ FRPSDULVRQV RXWOLQHG EHORZ

D 7KH FKDQJH EHWZHHQ 'DWD 6FHQDULRY )/)' DQG )/1= RIIF
RI UHGXQGDQW SRLQWV LQIOXHQFHV WKH VROXWLRQ WHFKQL"

E 7KH FKDQJH EHWZHHQ 'DWD 6FHQDULRYV )/1= DQG 67 RIIH
PHDVXUHPHQW VFKHPH WR WKH ORZHU OLPLW RI PHDVXUHPHQ
&RRN LQIOXHQFHV WKH VROXWLRQ WHFKQLTXHYV

F &RPSDULVRQ EHWZHHQ 'DWD 6FHQDULRYVY 67 DQG 67 RII
PHDVXUHPHQW IUHTXHQF\ WR WKH XSSHU OLPLW RI PHDVXUHTF
DQG &RRN FDQ LQIOXHQFH WKH VROXWLRQ WHFKQLTXHYV

G &RPSDULVRQ RI 'DWD 6FHQDULRYV 67 DQG 67 5 H[DPLQHV
EHJLQQLQJ RI D WHVW PD\ LQIOXHQFH WKH UHVXOWYV RI WKH V
+LVWRULFDOO\ WKH PHDVXUHPHQW VFKHPHV UHFRPPHQGHG E
LQFRUSRUDWH D UDSLG PHDVXUHPHQW FRPSRQHQW

H &RPSDULVRQ EHWZHHQ 'DWD 6FHQDULRYVY 67 DQG 67 5 R
WKH PHDVXUHPHQW IUHTXHQF\ DW WKH EHJLQQLQJ RI WKH WH
PHDVXUHPHQWY ODWHU LQ HDFK WHVW LQIOXHQFH WKH HURGI
WHFKQLTXHYV

| 7KH FKDQJH EHWZHHQ 'DWD 6FHQDULR 67 5 DQG 67 5 R
LQIOXHQFH RI UDSLG PHDVXUHPHQWY RQ HURGLELOLW\ SDUDP
PHDVXUHPHQWY ODWHU LQ WKH WHVW

7R PDLQWDLQ FRQVLVWHQF\ LQ WKHVH FRPSDULVRQV DOO FKDQJH
D SHUFHQW RI WKH 'DWD 6FHQDULR )/ 1= HURGLELOLW\ SDUDPHW



LQYROYHG LQ WKH FRPSDULVRQ EHLQ-L,ZDBIHV KR ¥ VH NDHPIEROHH) WADKVWL R
EHWZHHQ 'DWD 6FHQDULR 675 DQG 'DWD 6FHQDULR 67 5 ZD
EHORZ

" D= JCA., £B K & 658 P Kb 6 564 L A"'W”"j&’jﬁ"l?f””’“‘A'v Hsrr
1337 A Y
ZKHUHgov 110V WKH HURGLELOLW\ FRHIILELHQW HVWLPDWHG E\ %0
ZLWKRXW WHVW, ViHJRHOAWDWUIREBURGLELOLW\ FRHIILELHQW HVWLPE
6FHQDULR  &767 5 ZLWKRXW,WeH)Waddd IWKR WDWGRBLODQ®\ FRHIIL
HVWLPDWHG E\ %0 IURP 'DWD 6FHQDULR &7)/1= ZLWKRXW WHVW

&XOOLQJ RI -(7 GDWDVHW IRU XQFHUWDLQW\ DQDO\VLYV

7R HQVXUH WKDW WKH XQFHUWDLQW\ DQDO\VLV RI WKH VROXWLRQ
IUHTXHQF\ LV QRW ELDVHG E\ DQDO\WLF DQRPDOLHV RI WKH WKUH
ZKRVH UHSUHVHQWDWLYHQHVYV PD\ FKDQJH ZLWK WKH YDULRXYV 'D)\
DSSOLHG WR WKH VXPPHU -(7 GDWDVHW Q EHIRUH SHUIRUPLQ
WHFKQLTXHV WR WHVW GXUDWLRQ DQG PHDVXUHPHQW IUHTXHQF\

' 6 &QN=REKkogvagadfost4a<"

I=TEIQBEAIDKB?KQNcxgvagaddfdsw

OQI>ANBA=0QNAIEFRCPF?AI=NBKUIO<; R v

PRIOQIN@ABBE BEABRRAOKHQPEAEMQAO

VE " Fe  F T F Pt ccAtAAeml TP SZA B, £ T

[ Z—"1F <A1V pd Bor % S AEH [ co...—eef ] <o FE—fcZ <o fefcS ;4
'DWD 6FHQDULR DVEGUHNFUH¥FHQWYY WKH GDWD VFHQDULR ZLWK WK
PHDVXUHPHQWY DQG DV VXFK HQVXULQJ WKDW D VXIILFLHQW QXPE
VFHQDULR ZLOO HQVXUH DOO RWKHU GDWD VFHQDULRYVY FRQWDLQ
WHFKQLTXHYV 7KH VFUHHQLQJ UHMBEOWIWVIXUBD VHPROWIDGAW ERGRQ2D

WHVWYV



7TDEOH SRSXODWLRQ 6FUHHQLQJ IRU XQFHUWDLQW\

7RWDO VXPPHHOG 4% 4&6FUHHQBOUHHQBEWHHQLQEFUHHQLQJ
WHVWV SHDVRWRNEGHQW FRIWLMHUEDLWHUEDLWHULDFULWHULD

7\SH (URGLELOLW\ 3IDUDPHWHUYV

)RU DOO -(7V WKDW H[FHHGHG PLQ LQ GXUDWLRQ DQG DFKLHYHG
UHJLRQ WKH HURGLELOLW\ SDUDPHWHUV ZHUH HVWLPDWHG IURP \
HURGLELOLW\ SDUDPHWHUVY ZHUH WKHQ VWDWLVWLFDOO\ HYDOXD\
XQLW YDULDELOLW\ LQ HURGLELOLW\ SDUDPHWHUV 7KH SRSXODW!|
ZDV WDNHQ DV D VDPSOH SRRO RI SRWHQWLDO YDULDELOLW\ RI HL
ZKHUHDV WKH SRSXODWLRQ RI WHVWV IURP DOO VLWHV LQFOXVLY
HURGLELOLW\ SDUDPHWHUYV YDU\ EHWZHHQ JHRORJLF XQLWV 7KH
SRSXODWLRQ UHSUHVHQWY D SRSXODWLRQ ZKHUH QR GLVWLQFWLI
&RPSDULVRQ RI WKHVH WZR SRSXODWLRQV ZLOO LQGLFDWH ZKHWHk
VWUHDP ERXQGDU\ FDQ UHVXOW LQ WKH HVWLPDWLRQ RI VWURQJH
FRPSDUHG WR VLPSO\ LGHQWLI\LQJ WKH EDQN JHRORJ\ DV D KDUG
JHRORJLF XQLW (URGLELOLW\ SDUDPHWHUV ZHUH IXUWKHU FRPSI
D VWUHDPYV FURVV VHFWLRQ HJ VWUHDPEHG ILUVW EDQN WLHL
GHPRQVWUDWHG LQ

J)LIXUH 6WUHDP FURVV VHFWLRQ WHVW DUHDV



'"HSWK RI1 7\SH UHJLRQ

ODWHULDO LGHQWLILHG LQ WKH 7\SH UHJLRQ RI WHVWV DQG LVR(
FRQVLGHUHG UHSUHVHQWDWLYH RI ZKHUH WKH PHGLD LV DVVRFLD
SURFHMVKNUHS$V SUHYLRXVONRLVBERBM AWLRWKH KLIKHU XQFHUWDLC
WKH 7\SH UHJLRQ LV QRW VROHO\ DWWULEXWDEOH WR PDWHULDC
FRQWULEXWLQJ IDFWRU 7KH SRUWLRQ RI WKH WHVW LGHQWLILHG
EH DQDO\]JHG WR HVWLPDW}H HUR GLKELRX.IK\ \§ B H DFAROXMULR Q WHFKQL
-(7V HJ %0 6'DQG /5 +RZHYHU WKH GHSWK RI WKH 7\SH UHJL
LOQYHVWLIJDWH WKH H[WHQW RI ZHDWKHULQJ DW HDFK WHVW ORFD\
GLUHFWO\ LQIOXHQFHG E\ YDU\LQJ ILHOG SUHVVXUHV DW ZKLFK LG
ILUVW VHIJPHQW ZLOO EH FRPSDUHG DJDLQVW WKH VKHDU VWUHVYV
ZKHWKHU JUHDWHU GHSWKV RI WKH 7\SH UHJLRQ FDQ EH DWWULE

7TKH GHSWKV RI WKH 7\SH UHJLRQ LQ HDFK WHVW ZLOO WKHQ EH |
JHRORJLF SRSXODWLRQV WR DVVHVV ZKHWKHU WKH JHRORJ\ RI D \
REVHUYHG )XUWKHU FRPSDULVRQV DUH SHUIRUPHG EHWZHHQ VXE
ZKHUH WKH WHVWYV ZHUH VLWXDWHG XUWAWKR GG B VWRNUPH.RHY ¥ KFHWVR K/ N UV
FKDUDFWHULVWLFV DIIHFW WKH DPRXQW RI ZHDWKHUHG PDWHULD (



&KDSWHU
SHVXOWYV

7KLV VHFWLRQ SUHVHQWYV W KK D S W XMW VU RV WE W \G B W\B HITWID. & YILPVH (

DUH IROORZHG E\ WKH XQFHUWDLQW)\ bRPWLWRI® QZG W K DMXEHAAQ
IUHTXHMBFWLRQ6XEVHTXHQWO\ DQ DQDO\VLV RI WKH 7\SH HURGLE
BHFWLRIROORZHG E\ WKH UHVXOWYV RBMKKHLE BRVEKI IRQ YOHN DDQDO\'
FRPSDULVRQ RI WKH VHDVRQDOLBHFRNLRQUHVXOWYV LV SUHVHQWHG

THVW 6HIPHQWDWLRQ

VXPPHU WHVWVY WKDW SDVVHG WKH ILHOG TXDOLW\ DVVHVVPHQ)
VHIPHQWDWLRQ W H F KQIEMKIHR@IL\DIVDIOR GBKFHIVGV PEIQW 9%  OD[LPXP 1R
015 DQG WKH *LOO 7HFKQLTXH 7* 7KH UHVXOWLQJ VHIJPHQWDWL
WHFKQLTXHV DUH)GHRRGWWXOWWSBKUBZ D VNHZHG GLVWULEXWLRQ
VKDOORZHU VHIPHQWDWLRQ GHSWK ZLWK WKH 7* WHFKQLTXH H[KL

)RU FDVHV ZKHUH WKHUH ZDV QR DJUHHPHQW LQ VHIJPHQWDWLRQ ¢
GLIIHUHQWLDWLRQ SURFHVV ZDV SHUIRUPHG ZKHUHE\ VHIJPHQWDW
SRVLWLRQ LQ WKH FXP XO D WLXH KY DRSHWKEHR R & \GH V8 B ISFOFRUL D W H V H
ZDV WDNHQ DV WKH GHWHUPLQLVWLF VHIPEHIHMDML @ (i [DHPSWK | RAK H
VHIPHQWDWLRQ GHSWK LGHQWAURDE BADNHDQIEVOWK M GHWHUPLQLV
GHSWK EHFDXVH Rl WKH HYLGHQW XQGHUHVWLPDWLRQ E\ 7* 7KHV
LQLIXUH ZEBEUH FDUULHG IRUZDUG L@ MFR\H. BRBARWERQJ DQDO\VHYV



JLIXUH D FRPSDULVRQ RI WKH UHVXOWYV RI WKH 9% 015 DQG 7*
GHWHUPLQLVWLF VHIPHQWDWLRQ GHSWK FRQILUPHG E\ PDQXDO
UHVXOWY IRU HDFK WHVW

7TDEOH 6HIPHQWDWLRQ WHFKQLTXHV UHVXOWLQJ LQ GHWHUPL
GLIITHUHQWLDWLRQ

6HIPHQWDWLRQ WHFKQLTXH DEBEHH®R WRHMWHKUPANYBGLVWLF VHIPH
GHWHUPLQLVWLF VHIPHQWDWLRQ GESBWKYV
9% DQG 015 L DOO
9% DQG
9% DQG
015 DQG
6ROOY
6RO*0
6RO01E

7* DQG 015 WHFKQLTXHV ERWK LQFRUSRUDWH REMHFWLYLW\ LQWR
OLPLWDWLRQV UHGXFH WKHLU HIILFDF\ DQG DSSOLFDELOLW\ DV R>
7* WHFKQLTXH FRQWULEXWLQJ WR WKH KLIJK ITUHTXHQRBLIRAUKDOOR

DLV ZKHQ WKH LWHUDWLYH DQDO\VLV RI YDULDQFH FRPSDULVRQ



VNHZHG E\ WKH SUHVHQFH Rl HOHYDWHG HURVLRQ UDWHV LQ WKH
DUH SK\WLFDOO\ REVHUYHG DQG UHSUHVHQWDWLYH RI WKH WHVW
UDWH GDWDVHW ZKLFK VNHZ WKH FDOFXODWHG YDULDQFHV LQ HUI
FDXVHV UHODWLYHO\ HOHYDWHG HURVLRQ UDWH PHDVXUHPHQWYV
VHSDUDWLRQV RFFXUULQJ ZLWKLQ HDFK -(7 WR EH FORVHU LQ PDJ
WKRVH H[FHHGLQJO\ KLJK LQLWLDO HURVLRQ UDWHV 7KH 7* WHFK
UDWH GDWD SRLQWYV WR S DTHCOPWAMREDG K PHVILG@ BW RRRWH G RQ WK H
PHDVXUHPHQW VFKHPH XVHG GXULQJ GDWD FROOHFWLRQ WKLV U}
RI PLQXWHYV

7KH PRVW QRWDEOH OLPLWDWLRQ RI 015 LV LWV LQDELOLW\ WR DC
LQFRUUHFWO\ LGHQWLILHVY WKH GDWD SRLQW LPPHGLDWHO\ EHIRU
J)LIXUH 7KH LQFOXVLRQ RI ODWH VWDJH EORFN VHSDUDWLRQ HYH!
WHFKQLTXH :KLOH 9% ZDV FRQVWUDLQHG WR RQO\ LQFOXGH EORFI
FRQVWUDLQW ZDV QRW DSSOLHG WR 015 WR PDLQWDLQ REMHFWLY

J)LIXUH ILPLWDWLRQV RI VHIPHQWDWLRQ WHFKQLTXHV D LQ
VHSDUDWLRQ E\ 015 E SRWHQWLDO UDQJH RI ELDV LQ 9% ZLW!

7KH PRVW HYLGHQW OLPLWDWLRQ RI WKH 9% WHFKQLTXH LV WKH V
SRWHQWLDO ELDV WKDW FDQ EH LQWURGXFHG ZKHQ WKHUH LV QR



J)LIXUH :EHQ WKH VDPH DQDO\VW LV VHIPHQWLQJ WKH WHVWYV DQ
LQIOXHQFH RQ WKH FRPSLOHG GDWDVHW +RZHYHU GLVSDULWLHYV
DSSDUHQW DQG KDYH D JUHDWHU LQIOXHQFH ZKHQ FRPSDULQJ GD'
KHQ DSSO\LQJ WKH 9% WHFKQLTXH WKH UHYLHZ RI ILHOG QRWHYV |
VFRXU KROH VKDSH DQG LQVWDQFHV RI EORFN VHSDUDWLRQ GXUL!
WHVW SURJUHVVLRQ DQG DFFXUDWHO\ LQFQXBUHHEORFN VHSDUDWL

:KLOH LW LV ORJLVWLFDOO\ FKDOOHQJLQJ WKH FRPSDULVRQ RI W|
EHQHILW IURP D KLJK UHVROXWLRQ FKDUDFWHUL]DWLRQ RI PDWHU
DORQJ D GHSWK SURILOH QHDU WKH -(7 ORFDWLRQ VLPLODU WR .K
GHPRQVWUDXUHOBNVNK® YDVW PDMRULW\ RI VHIPHQWDWLRQ GHSWKYV Z
FP ZKLFK LV WKH GHSWK RI WKH ILUVW GDWD SRLQW RI WKH PDW
DQG .KDQ DQG .RVWDFKXFN ,QFUHDVLQJ WKH VSDWLDO UHVR!
FORVHU WR WKH VXUIDFH PD\ SURYLGH LQIRUPDWLRQ RQ ZKH)
WHFKQLTXHY FRUUHODWH ZLWK JUDGLHQWY LQ PDWHULDO SURSHL
ZRXOG DOVR EH XVHIXO WR DVVHVVY WKH UHPDLQLQJ JUDGLHQW LQ
VHIPHQWDWLRQ RFFXUV

JLIXUH 5HODWLRQ RI VHIPHQWDWLRQ GHSWKV WR DYHUDJH PRI
PHDVXUHG E\ .KDQ $GDSWHG IURP .KDQ



JURP WKH DSSOLFDWLRQ RI WKH WKUHH VHIPHQWDWLRQ WHFKQLT?
WKH 9% WHFKQLTXH ZzDV WKH PRVW FRQVLVWHQW DQG SURYLGHG W
OLPLWDWLRQV RI WKH PRUH REMHFWLYH PHWKRGV 015 DQG 7* LP
FRQVLVWHQWO\ KRZHYHU WKH\ RITHU D FRPSOHPHQWDU\ VHIPHQ\
WKH 9% PHWKRG WR HQVXUH DQ DSSURSULDWH VHIJIPHQWDWLRQ GH

8QFHUWDLQW\ DQDO\VLV RI HURGLELOLW\ SDUDPHWHUV

8QFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHUV FDXVHG E\ WHVW

5HVXOWYV RI DSSO\LQJ WKH VROXWLRQ WHFKQLTRHYHRID WBEHDQG 6
-(7V DUH VKRZQREAIOWK DQG ZLWKRXW WHVW VHIPHQWDWLRQ GHPRQ
SDUDPHWHUV HVWLPDWHG IURP WKH YDULRXV VROXWLRQ WHFKQLT
WKDW GXH WR WKH JYHDINHUHFD FRIPWEDIGHIL-:QVIRO XHY WKH\ DUH SOI
D VHSDUDWH D[LV RQ WK NUHMKIG KGO VILEH RI

is HVYWLPDWHY Rl DOO WKUHH VROXWLRQ WHFKQLTXHYV UHPDLQ UHC
GHPRQVWUBDMWHGNLE DVWKHY $V WKH WH VN IBXGYDWIXRY GHEOHUDOIOY E
LQFUHDVH IRU DOO VROXWLRQ WHFKQLTXHV 7KHVH WUHQGV DUH \

IRU BRVOKE E\ FRPSDULQJ VHTXHQWLDOO\ ORQJHU WHVW GXUDWL!
7HVW IRU SDLUHG VDPSOHV :DOSROH HW DO 7KLV YDOLGDW]
UHJDUGLQJ WKH VHQVLWLYLW\ LQ HURGLELOLW\ SDUDPHWHUV HVW
LQFOXGH 6' DQG /5 7KH SK\WLFDO EDVLV Rl WKLV XQFHUWDLQW\ L¢
SURSRUWLRQ RI VKRUWHU WHVWV FRLQFLGLQJ ZLWK KLJKHU DSSO
VXUILFLDO ZHDWKHUHG PDWHULDO

7KHVH UHVXOWY ZLOO EH XVHG WR LQIRUP WKH VXFFHHGLQJ DQDO
XQFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHUY DULVLQJ IURP WHVW
UHODWHG WR WHVW GXUDWLRQ FRPSDUHV EHWZHHQ VROXWLRQ Wt
DULVLQJ IURP WHVW GXUDWLRQ DIIHFWV WKH FKDUDFWHUL]DWLRQ



JLIXUH 'LVWULEXWLRQV RI HURGLELOLW\ SDUDPHWHUYVY HVWLPD\
IRU GLITHUHQW WHVW GXUDWLRQV

‘KHUH JUH\ ER[ DQG ZKLVNHUYV DUH HYDOXDWLRQV ZLWKRXW VHIJPHQWDWLRQ DQG ZKLWH E
&7 VXEUHJLRQV RI WKH ILJXUH LQGLFDWH WHVWV ZLWKRXW VHIPHQWDWLRQ DQG WHVW!

(ITHFW RI VHIJPHQWDWLRQ RQ XQFHUWDLQW\ UHVXOWLQJ IURP

6HIPHQWDWLRQ RI WKH -(7V FDXVHV i V@& JX W LFH E O-H DURHHG KEK \WLKRH
WKUHH VRO XW )IRIX WH HBIKRQWLK X HWHQ GV DUH FRQILUPHG WKURXJK WKI
:DOSROH HW DO ZLWK D FRQILGHQFH OHYHO RI S IRU SDI
SDUDPHWHUV HVWLPDWHG ZLWK DQG ZLWKRXW WHVW VHIPHQWDW|

SHUFHQW FKOXIHVLBIQBEXDWLRODWK DQG ZLWKRXW VHIPHQWDWLRQ |
H[SODLQHRWVLERR! HURGLELOLW\ SDUDPHWHUV DW) HDRKHMKHHIVW G XUD
GLITHULQJ SHUFHQW DD )8RADCGLHM RO WKH, KNIRRUHKWHOKDWLYH WR



LQ WHVW G XU PRWL BE.Q V@DV WHVW GXUDWLRQV DUH WUXQFDWHG V
SDUDPHWHUV EHFRPH ODUJHU UHJDUGOHVV RI ZKHWKHU VHIJPHQW

J)LIXUH SHUFHQW FKDQJHV LQ HURGLELOLW\ SDUDPHWHUYV Z

:KHUH JUH\ ER[ DQG ZKLVNHUYV DUH HYDOXDWLRQV ZLWKRXW VHIJPHQWDWLRQ DQG ZKLWH E
&7 VXEUHJLRQV RI WKH ILJXUH LQGLFDWH WHVWY ZLWKRXW VHIPHQWDWLRQ DQG WHVW!'

3DLUHG W WHVWYVY ZHUH HPSOR\HG WR DVVHVV LI VHIPHQWDWLRQ F
XQFHUWDLQW\ RI WKH HURGLELOLW\ SDUDPHWHUV UHVXOWLQJ IUR
GXUDWLRQ WKH UDWLRYV

Z 60045y 6004y
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ZHUH FRPSDUHG :KHUH UDWLRV ZHUH JUHDWHU WKDQ DSSO\LQ
SDUDPHWHU XQFHUWDLQW\ WR FKDQJHYVY LQ WHVW GXUDWLRQ $EVI



VROHO\ RQ WKH PDJQLWXGH RI WKH FKDQJH DQG QRW WKH GLUHFW
WDLOHG SDLUHG W WHVWY DW D STDEOHFRQILGHQFH OHYHO DUH Ol

7TDEOH (I"THFW Rl VHIPHQWDWLRQ RQ WKH XQFHUWDLQW\ RI HUF
GXUDWLRQ

1oy £ [IRYE ToAE - on fE - x1% “xAE
)/ WR :
)/ WF
)/ WF ¢
)/ WF : ¢
Y/ WF ; ; ¢

A A A A A

1RWH XSZDUG DQG GRZQZDUG DUURZV LQGLFDWH LQFUHDVHY DQG GHFUHDVHY LQ SDUDPH\
7KH V\PERO 3~ UHSUHVHQWY QR VWDWLVWLFDOO\ VLIJQLILFDQW FKDQJH DW WKH S FRQ

5HVXOWYV OLVWHG LQ 7TDEOH GHPRQVWUDWH WKDW %0 LV WKH RC
LQIOXHQFHG E\ VHJPHQWDWLRQ EDVHG RQ WKH SHUFHQW FKDQJHV
i6,2LQFUHDVHYV ZLWK VHJIREGWPWLROHWVZKBUVHDRHUWDLQW\ ZLWK VH

7KH SHUFHQW FKDQJHNX DW LFFID@W X R BW H/GIER 16 Q(W O DWIZ R RYX

VHIPHQWDWLRQ DUH UHIHUHQFHG DJDLQVW YDOXHV IURP 'DWD 6F
QRW FRQVLGHU WKH-QRWOEBW WK BWFRHARQU Y@K H)Q MHIFPHQWDWLR (
7KLV LV IXUWKHUDKELOBE @ HUKMWW BHLPHDQ YDOXHV RI WKH HURGLELOL
BFHQDULR )/1= DUH OLVWHG ZLWK 7 D QG YZDLOKKR/X B/J DL W JRKH.
WKH SHUFHQW FKDQJHVXDWHIRIMVMH GRWBEJM\GGIHF UHDVHG D FKDQJF
PDJQLWXGH FDQ UHSUHVHQW D ODUJHU SHUFHQW RI WKH 'DWD 6FF

7TDEOH OHDQ HURGLELOLW\ SDUDPHWHUV RI 'DWD 6FHQDULR 2z

lo» £ TeXE/ I6AE " x» fE x| “xAE

OHDQ &1:9DC
OHDQ 71:9DC
3HUFHQV

7R LQYHVWLIJDWH WKH UROH WKDW WKH FKDQJH LQ 'DWD 6FHQDULEF
UHSHDWHG DOMWBDW DREVXDWQRERHORZ LQ ZKLFK WKH UHIHUHQFH SRSX
FDOFXODWLRQ LV DGMXVWHG WR 'DWD 6FHQDULR ZLWKRXW VHJPI
Rl KRZ WKH PDJQLWXGH RI FKDQJH LQ HURGLELOLW\ SDUDPHWHU L



"UD=JCA, £6t(.0<PItsrro<L Ap%MK-.-}’;T?AAZ?;A"MEH srr
5HSHDWLQJ WKH SDLUHG W WHVW DQDO\WLY RQ WKH SHUFHQW FKD
SRSXODWLRQ SURGXFHYDBANOKHWUHNVKOMD/UOW KI'W GNIKHUH LY D VWDWL
UHGXFWLRQ LQ WKH PDJQLW $GH EDRHIGGXB\F PO o/ VIRDWWRRQ WHFKQ
VHIPHQWDWLRQ 7KH LQRYHDVMHDLQ \X@FHGWOWOMA SQHYLRXVO\ QR

TDEOHIIHFW RI VHIPHQWDWLRQ RQ PDJQLWXGH EDVHG FRQVLVWE
HURGLELOLW\ SDUDPHWHU ZLWK WHVW GXUDWLRC

16y &£ Toiy ToAE “x» “xi% “xAE
)/ 1= WR 1= : : :
)/1: WR1:
)/1: WR1:
)/1: WR1:
Y/1: WR1:

A A A A A

1RWH XSZDUG DQG GRZQZDUG DUURZV LQGLFDWH LQFUHDVHY DQG GHFUHDVHY LQ SDUDPH\
7KH V\PERO 3~ UHSUHVHQWY QR VWDWLVWLFDOO\ VLIJQLILFDQW FKDQJH DW WKH S FRQ

7KHVH UHVXOWYV LQGLFDWHWKDRWWHEOHGCQEHWW VHIRHN RWDWLRQ RC
DQG PDIJIQLWXGH FKDQJ k@Y, VUK RZXHEWHHUUREXVW WR WHVW GXUDV
XQDIIHFWHG E\ WHVW VHIPHQWDWLRQ

-« XQFHUWDLQW\ UHODWHG WR WHVW GXUDWLRQ LV QRWDEO\ UHG)
EDVLV 7HVWV ZLWK VHIPHQWDWLRQ DOVR GHRRYNMWWDMKHO PBOH IR
/5 DQG 6' VROXWLRQ WHFKQLTXHWD O XKVFXLM\KW XD WHHI RHIXWDWLRQ
VHIPHQWDWLRQ UHPRYLQJ WKH SRUWLRQ RI WKH WHVW ZLWK WKH
DQG ZHDNHVW PDWHULDO-§FDMROXEHN ORDIHUOBVWAEOWIHR WHFKQLTX
VHIPHQWDWLRQ GRHV QRW UHGXFH XQFHUWDLQWRURKLDONDIG WR W
SHUFHQW FKDQJH EDVLV (YHQ WKRXJK WKH 7\SH UHJLRQ LV UHPI
EHKDYLRXU RI WKH OLQHDU HTXHDWWLIRRHDQ WWUHHMSH T XBIWLRQ@ ZKH
ZHDWKHULQJ PD\ SHUVLVW FDQQRW HQWLUHO\ EH DFFRXQWHG IRU



&RPSDULVRQ RI VROXWLRQ WHFKQLTXH XQFHUWDLQW\ UHVXOW

3DLUHG W WHVWV ZHUH XVHG WR FRPSDUH WK B XSJHHUEHNNQAM HF & DXPDIW C
VFHQDWHOMWMWIRU WKH WKUHH VROXWLRQ WHFKQLTXHV 7KH UHVXOW
EHORZ LQ 7DEOH DQG 7TDEOH

J)LIXUH &RPSDULVRQ RI VROXWLRQ WHFKQLTXH XQFHUWD LC

7DEOH 7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ WF
GXUDWLRQ LQ WKH HVWLPDWLRQ RI FULWLFDO VKHD

LWKRXW 6HIPHQWDWLRQ &7 'LWK 6HIJPHQ\

i(")»/E iC’)»/E iOll/z i(")»/E iC’)»/E iOll/z
FRPSDUHQ® PSP UH® PASD UHRPASDUHRPSDODUHERPSDUHG WR
Toag 161% Toag Toag 161% ToAg

)/ WR i(")»/E iC’)»/E iOll/z i(")»/E iC’)»/E iOll/z

)/ WR iC)»/E io»AE iC)il/z iC)»/E io»AE iC)il/z

)/ WR i(")»/E iC’)»/E iOll/z i(")»/E iC’)»/E iOll/z

)/ WR i(")»/E iC’)»/E iOll/z i(")»/E iC’)»/E iOll/z

)/ WF 16» & l6» £ 161w 16» & l6» &

1RWH WKH HURGLELOLW\ SDUDPHWHU OLVWHG LQ HDFK FHOO LV WKH RQH ZLWK JUHDWHU F
, ] WKHUH LV QRW D VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFH LQ WKH FKDQJHV LQ HURGLE



7TDEOH 7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ WH
GXUDWLRQ LQ WKH HVWLPDWLRQ RI WKH HURGLELOLMW

'LWKRXW 6HIPHQWDWLRQ &7 'LWK 6HIJPHQ\

T x» fE T x»/E “x1% T x» fE T x» fE “x1%
FRPSDUH®PSD UH® BR\ERD U H®BRASHD UH®RRBRESDUHERBREDUHG WR
“xAE “x1% “xAE “xAE “x1% “xAE

)/ WR " x» /E T xi% " x» /E “x1% T xi%

)/ WR “x»/fE %1% “x1% “x»/[E " x1% “x1%

)/ WR “x»/E " x1% “x1% “x»/[E “x1% “x1%

)/ WR T x» fE “x1% T xi% T x» fE “x1% T xi%

)/ WF T x» fF “xi% x| “Tx» fF “xi% x|

1RWH WKH HURGLELOLW\ SDUDPHWHU OLVWHG LQ HDFK FHOO LV WKH RQH ZLWK JUHDWHU F
, ] WKHUH LV QRW D VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFH LQ WKH FKDQJHV LQ HURGLE

$ FRQVLVWHQW UDQNLQJ RI WKH FHUWDLQW\ RI WKH VROXWLRQ Wt
DQG LV VXPPFDEOHAKHQYH UHVXOWY LQGLFDWH WKDW WKH FKRLFH F
FRQVLGHUDEO\ LQ DIITHFWLQJ WKH XQFHUWDLQW\ R WBHLNVYQYLPDW
IURP WKH GXUDWLRQ RI D -(7 $Q LPSRUWDQW FRUROODU\ WR WKL)\
FRPSDULVRQ RI KLVWRULFDOO\ FRPSLOHG -(7 GDWDVHWY 6HYHUD
EHIRUH DOWHUQDWLYH VROXWLRQ WHFKQLTXHV WR %0 H J 6KXJIL
DQG :\QQ RU EHIRUH /5 ZDV UHFRPPHQGHG WR EH XVHG E\ :DK
(YHQ LI KLVWRULFDOO\ FRPSLOHG GDWD VHWY HPSOR\ D FRQVLVWI
GLYHUJH IURP RQH DQRWKHU GXH WR GLIITHULQJ WHVW GXUDWLROQ\
IRUZDUG DV UHFRPPHQGHG E\ :DKO WKHQ FRPSDULVRQV EHW.
GLITHUHQFHV LQ -(7 GXUDWLRQV WKDQ ZKHQ %0 ZDV WKH VWDQGD

7TDEOH 5DQNLQJ RI VROXWLRQ WHFKQLTXH FHUWDLQW\

ic FHUWDLQW\ IURP 7HVW HXUMDDMLGRM\ TURP 7HVW 'XUDWLRQ

/5 ORVW ORVW
6' , QWHUPHGLDWH /IHDVW
% 0 /IHDVW , QWHUPHGLDWH



7THVW 'XUDWLRQ HIITHFW RQ VLWH FKDUDFWHUL]DWLRQ

7KH  WHVW SRSXODWLRQ HPSOR\HG LQ WKH XQFHUWDLQW)\ DQDO\
FDXVLQJ WKH YDULDQFH RI WKH SRSXODWLRQ WR EH ODUJHU WKDZC
KRZ WKH GXUDWLRQ RI D -(7 FDQ LQIOXHQFH KRZ D VLWH LV FKDUL
YDULDELOLW\ DW D VLWH VFDOH .UXVNDO :DOOLV .: WHVWV :DO
HURGLELOLW\ SDUDPHWHUV GHULYHG IURP WKH GDWD VFHQDULRYV
VXESRSXODWLRQ &+ Q DQG 17/ Q 7DETKHD GHNDXWW \W & DMV HD W I
LQVWDQFHV WHVW VHIJPHQWDWLRQ FDQ UHGXFH WKH WHVW GXUD\
FKDUDFWHUL]DWEPRPQ ED\EX®R® FDQ LQFUHDVH WKH WHVW GXUDWI
FRQVLVWHQW VLWH FKQUDFRECH® WHRQ\VEDYBGFRWH LQVWDQFHYV |
GXUDWLRQ UHVXOWHG LQ VLIJQLILFDQWO\ GLIIHUHQW SRSXODWLRC
LQ SDUHQWKHVHY LQGLFDWH FRQGLWLRQV ZKHUH FKDQJHV LQ WH\
VWDWLVWLFDOO\ VLIQLILFDQW DW WKH S FRQILGHQFH OHYHO

7TDEOH 7THVW GXUDWLRQ LQIOXHQFH RQ VLWH FKDUD

&+ Q 17/ Q
&7 7 &7 7

io,4. . 6LJQLILFDQ@RH 1R 1R 1R
~x»g  BLIJQLILFD@HAN_ <HV <HV_ <HV_
ioin. - 6LIQLILFDQRH 1R 1R 1R
i . I 6LJQLILFDORAM _ <HV <HV <HV_
ioae : 6LIQLILFD QFR 1R 1R 1R
“«AE. . 6LJQLILFDQ@RH 1R 1R <HV_

5HVXOWV7OEVWNKGOGWIKHU VKRZ WKDW WKH HITHFWV RI FKDLQRQLVYQJ WH\
PLQLPDO DW WKH VLWH VFDOH 7KLV LQGHFDWEHYHW KRV WKH VRO R\
WHFKQLTXH DULVLQJ IURP UHSHDWLQJ D WHVW DW WKH VDPH VLW
WUXQFDWLQJ WKH WHVW GXUDWLRQ WR DV ORZ DV PLQXWHYV

-« LV PRUH VHQVLWLYH WR WKH GXUDWLRQ RI D JLYHQ -(7 DQG FKD
KRZ D VLWH LV FKDUDF¥WHVLRESC EDYWHWLRQ JHQHUDOO\ EHJLQV WR



FRQILGHQFH OHYHO RI S ZKHQ WHVW GXUDWLRQV DUH PLQX
WHFKQLTXH HPSOR\HG DQG ZKHWKHU VHIPHQWDWLRQ FFRKW Y  7KH
QRW FKDQJH ZLWK WHVW GXUDWLRQ,ZL /& RXWH VAR H \M Q WIL\R QY H R
GXUDWLRQ ZLWK DQG ZLWKRXW VHIJPHQWDWLRQ )LQGLQJV KHUH V
ZLWK GLIITHUHQW WHVW GXUDWLRQV WHVWV ZLWK VKRUWHU GXUD'
HVWLPDWHG HURGLELOLW\ SDUDPHWHUV FRPSDUHG WR ORQJHU Wt

5HVXOWVY SUHVHQWHG KHUH KHOS DVVHVV WKH UHVLOLHQFH RI FR
6KXJDU HW DO SHUIRUPHG -(7VwWrLENI® @A YPVMEUB@WQGDQJILQJ IU
UHSRUWHG UDQJHV LQ FULWLFDO VKHDU VWUHVV RI RUGHUV RI P
SHUIRUPHG WHVWYV UD GlLRUDRD G XWEDW DREG IURESR U WHHEY WD © DMAH Y Q
RI XS WR 3D DW DQ LQGLYLGXDO VLWH 'HVSLWH WKH UDQJH LQ \
FULWLFDO VKHDU VWUHVV DUH OLNHO\ QRW XQG X0} HY VOLPDUFHING E
WR WHVW GXUDWLRQ LQGLFDWHY WKDW W Ki§ HAMHW XFODVWH R | 1&@ P U-N7D
YDULRXV HPSLULIRKDEP HY @/R 8 DDMHEY Y9RH D V O H\ -XOLDQ DQG 7RUUF
LQIOXHQFHG E\ WKH UHODWLYHO\ VKRUW -(7 GXUDWLRQV PLQXW

5HVXOWYV RI &ODUN DQG I WLPDYWHUHIRP -(7V PLOQXWH GXUD\
FRPSDUHKGMMRYHG I[URP HPSLULFDO UHODWLRQVKLSVY HJ 2VPDQ

PD\ EH VNHZHG E\ WKH VKRUW -{7 HBXWIDPADWRHQW WHKKHN ZH 8 RIURN.H
SUHGLFWHG E\ HPSLULFDO UHODWLRQVKLSV KRZHYHU LI WKH WH)
HVWLPDWHY ZRXOG KDYH WHQGHG WRZDUGY ORZHU YDOXHV WUHQ
DQ HI[DPSOH DQG WR KHOS YLVXDOL]H WKH XQLQWHQWLRQDO ELD\
HURGLELOLW\ SDUDPHWHUV HVWLPDWHG IURP %0 WKH VROXWLRQ
I[URP WKH FXUUHQW VWXG\ DUH SORWWHG EDVHG RQ IXOO WHVW G
JLIXUH7KH VKLIW LQ WKH GDWDVHW GHPRQVWUDWHY KRZ WHVW G>
EURDGHU DQDO\VHYVY EDVHG RQ -(7 UHVXOWYV



JLIXUH (ITHFW RI UHVWULFWLQJ WHVW GXUDWLRQ WR PLQXWH
WKH FODVVLILFDWLRQ V\VWHP RI +DQVRQ DQG 6LPRQ

8QFHUWDLQW\ IURP PHDVXUHPHQW IUHTXHQF\

7KH HURGLELOLW\ SDUDPHWHUYV |UR P7 CBVOBIGHF WP B DRYNHE DQG
ZLWK DQG ZLWKRXW:VBERWOWDMWIL REODWLYHO\ FRQVWDQW ZLWK U
PHDVXUHPHQWg}kHT HRUAH VHQVLWLYH ZLWK D JUHDWHU GHFUHDVH
PHDVXUHPHQWY DUH LQFRUSR UDWKRZ \. W B HVKBIUG D WIDO Y WH Q QUW R W
6FHQDULRYV FRPSDUHG WR WKH 7 'DWD 6FHQDULRY DQG WKH GDWD
WHVW VKRZ KLIKND GIX/WMWLPDWH G



JLIXUH 'LVWULEXWLRQV RI HURGLELOLW\ SDUDPHWHUYV ZLWK

‘KHUH JUH\ ER[ DQG ZKLVNHUYV DUH HYDOXDWLRQV ZLWKRXW VHIJPHQWDWLRQ DQG ZKLWH E
&7 VXEUHJLRQV RI WKH ILJXUH LQGLFDWH WHVWV ZLWKRXW VHIPHQWDWLRQ DQG WHVW!

7KH VL[ FRPSDULVRQ VF&HFMNLERYHGEMEFXOPAHBWR) GHPRQVWUDWH KF
FKDQJHV WR WKH PHDVXUHPHQW IUHTXHQF\ LQIOXKHRBHVWKH HVWL|
FRPSDULVRQ EHWZHHQ 'DWD 6FHQDULR DQG 'DWD 6FHQDULR LV
WR KLIJKOLJKW WKDW WKH FRPSDULVRQ VFHQDULR ZDV QRW DSSOL



JLIXUHBHUFHQW FKDQJHV LQ HURGLELOLW\ SDUDPHWHUV ZLWK Fk

:KHUH JUH\ ER[ DQG ZKLVNHUYV DUH HYDOXDWLRQV ZLWKRXW VHIJPHQWDWLRQ DQG ZKLWH E
&7 VXEUHJLRQV RI WKH ILJXUH LQGLFDWH WHVWY ZLWKRXW VHIPHQWDWLRQ DQG WHVW!'

7 WHVWV ZHUH SHUIRUPHG WR DVVHVV ZKHWKHU WKH FKDQJH LQ G
FKDQJHV LQ PHDQ HURGLE} Dk i\r SIDW DP ARVGIU & HQ FH DOBHDYEH®GR | S

7DEOWXPPDUL]JH WKH UHVXOWV RI WKLY DQDO\VLY 7R FRQWH[WXD
WKH HURGLELOLW\ SDUDPHWHU DUH HPSKDVL]HG ZLWK SDUHQWKH



7TDEOH

7 WHVW UHVXOWYV RI FKDQJLQJ PHDVXUHPHQW IUHTXHQF'

165 & 1611 ToAE
FRPSDULVR®KRXW :(LWK LWKRXW :LWK | :LWKRXW:LWK
VHJ VHJ VHJ VHJ VHJ VHJ

)/ ) WR )/ 1= 1% 9 1 1% 1%
)/ 1= WR B7 : : : ; .
67 WR 6 : :
67 WR 67 5 9 9 9 9
67 WR 67 5 9 9 9 9
67 5 WR 67 5 9 9 9 9 9 9

:KHUH 9 DQG ;

VLIJQLILFDQW FKDQJH DW D FRQILGHQFH OHYHO RI S
6FHQDULRYVY DQG LV SURYLGHG IRU VLJQLILFDQW UHVXOWYV

UHSUHVHQWY VWDWLVWLFDOO\ VLIQLILFDQW LQFUHDVHY DQG GHFUHDVHV U
7KH YDOXH LQ SDUHQWKHVHV LV

7TDEOH 7 WHVW UHVXOWYV RI FKDQJLQJ PHDVXUHPHQW IUHTXHQI
T x»[E T x1% “xAE
FRPSDULVR@®KR[XW :LWK 'LWKRXW :LWK | :LWKRXW:LWK
VHJ VHJ VHJ VHJ VHJ VHJ

)/ )" WR )/| 198 183 ; 1 1 $ 19

)/ 1= WR 67 ; ; ; ;

67 WR 6) ; ; ; ;

67 WR 67 5 9 9 9 9 9

67 WR 67 5 9 9 9 9

67 5 WR 6[7 5 g 9 9 9

KHUH 9 DQG ;

UHSUHVHQWY VWDWLVWLFDOO\ VLIQLILFDQW LQFUHDVH RU GHFUHDVH UHVS
VLIQLILFDQW FKDQJH DW D FRQILGHQFH OHYHO RI S

6FHQDULRYVY DQG LV SURYLGHG IRU VLIJQLILFDQW UHVXOWV

7KH YDOXH LQ SDUHQWKHVHV LV

7KHVH UHVXO0 WY@ FEDUWHH TW KWW UREXVW WR FKDQJLQJ PHDVXUH|
VWDWLVWLFDOO\ VLIQLILFDQW FKDQJHV iEXWHQRPD@IDO $DH G L W §
KLJKHU YDOXHV IRU GDWD VFHQDULRY ZLWK D JUHDWHU HPSKDVLV



UHGXQGDQW PHDVXUHPHQW SRLQWYV )/ ) WR )/ 1= GRH¥RURW VXE)
isiy, KRZHYHU LW FDQ BOMWMHYGWKH HVWLPDWHG

,Q JHQHUDO GDWD VFHQDULRV ZLWK D JUHDWHU HPSKDVLV SODFH
-x HYWLPDWHV IRU DOO WKUHH VROXWLRQ WHFKQLTXHV 7KLV LV F
UHSUHVHQWDWLRQ RI WKH UDSLG HURVLRQ SRUWLRQ RI WKH WHVYV
RFFXUV GDWD VFHQDULRV ZLWK ORQJHU PHDVXUHPHQW LQWHUYD:
WR EH UHFRUGHG RYHU ORQJHU WLPH LQWHUYDOV WKXV UHGXFLQ.
PHDVXUHPHQW LV WDNHQ IRU PLQXWHV WKH HOHYDWHG HURVLR
EH DYHUDJHG RYHU D PLQXWH GXUDWLRQ 2QFH WKH VFRXU EHJL
WHPSRUDO UHVROXWLRQ Rl WKH PHDVXUHPHQWY EHFRPHV OHVV L
67 5 DQG 677 BEIOQD J®EOH

(I"THFW RI WHVW VHIPHQWDWLRQ RQ XQFHUWDLQW\ IURP PHDV X

7R LQYHVWLIJDWH KRZ WHVW VHIPHQWDWLRQ FKDQJHVY WKH XQFHU
IUHTXHQF\ SDLUHG W WHVWYV ZHUH SHUIRUPHG RQ &7 DQG 7 GDWI
HURGLELOLW\ SDUDPHWHUV EHWZHKXOQ VGIDREHE FVF HR@XWULRN WKH UHV
FRPSDULVRQ WKH DEVROXWHXPWQRWYM O 8S\VAHUHFPE QHRGWHKRPYDPH GDV
DQG ZLWKRXW VHIPHQWDWLRQ ,Q WKH FDVHV RI VWDWLVWLFDOO\
WKH YOODXBWIR®Y SURYLGHG LQ SDUHQWKHVHY WR HPSKDVL]H WKH

& 006alo @ 000aEBT e UagacOt Pad00alBeceoUagacOclaa
7DEOMSHPRQVWUDWHY WKDW VHIJPHQWLQJ WKH WHVWYV KDV PL[HG |
WHFKQLTXHV WR PHDVXUHPHQW IUHTXHQF\ GHSHQGLQJ RQ WKH FR
FRQVLGHUHG

7KH FRPSDULVRQ WKDW ZDV PRVW LQIOXHQFHG E\ VHIJPHQWDWLRQ
FRPSDULVRQ VHJPHQWDWLRQ UHGXFHV WKH XQFHUWDLQW)\ RI DOC
PHDVXUHPHQW IUKTXZHKQFKH[BEDVQHIOLILEOH LQFUHDVH LQ XQFHL
H[SHFWHG RXWFRPHV 6LQFH WKH SRUWLRQ Rl WKH WHVW ZLWK Wk
VHIPHQWDWLRQ LPSOHPHQWLQJ UDSLG PHDVXUHPHQWYV ZLWK VHJ
RI HURVLRQ UDWHYV HDUO\ LQ WKH WHVW DV LW GRHV ZLWKRXW VH



7TDEOH (IM"THFW RI VHIPHQWDWLRQ RQ XQFHUWDLQW\ RI HURGLEL

IUHTXHQF\
165 & 1615 Toae " x» fE - x i1 “xAE
)/ 1= WR 67 : 9
67 WR 67 9 ; 9 ; ;
67 WR 67 5 9
67 WR 67 |5 9 ; 9 ;
67 5 WR 67| 5 9 ; 9

:KHUH 9 DQG ;LQGLFDWH D VWDWLVWLFDOO\ VLIJQLILFDQW LQFUHDVH RU GHFUHDVH UHVS
UHSUHVHQWY QR VWDWLVWLFDOO\ VLIJQLILFDQW FKDQJH LQ XQFHUWDLQW\ IURP PHD

,Q DOO RWKHU VFHQDULRY HYDOXDWHG W KHD M H HFHG @1, DIGEIDPH Q W D
ioatLGHQWLILHG VWDWLVWLFDOO\ VLIJQLILFDQW EXW WULYLDO EDV
XQFHUWDAMHULHQFHY D QRWHZRUWK\ UHGXFWLRQ LQ XQFHUWDL
67 FRPSDULVRQ EXW UHVXOWHG LQ QR VWDWLVWLFDOO\ VLJQLILF
WKH RWKHU VFHQDULRYV HYDOXDWHG

'KLOH, s GHPRQVWUDWHY D QRWDEOH GHFUHDVH LQ XQFHUWDLQW\ :
VFHQDULR WKH XQFHUWDLQW)\ IRU WKUHH RD BAOKH, R, \W K HAUK ¥ FRIQD\U L
SDUDPHWHU WR GLVSOD\ FRQVLVWHQW VFHQDULRV UHGXFWLR
VHIPHQWDWLRQARH[WKHLWBYWY D VLIQLILFDQW UHGXFWLRQ

VHIPHQWDWLRQ LQ WKH )/1= WR 67 VFHQDULR KRZHYHU WKH RW!

6ROXWLRQ 7THFKQLTXH &RPSDULVRQ RI OHDVXUHPHQW )UHTXHC

3DLUHG W WHVWV ZHUH XVHG WIRJKBHARBD UM R\GLHE ISV \H § DWW B IR BI Q/HU
VFHQDWEROHIRU WKH WKUHH VROXWLRQ WHFKQLTXHV 7KH UHVXOW
7DEOBQMEOH



JLIXUH

7TDEOH

&RPSDULVRQ RI VROXWLRQ WHFKQLTXH FHUWDLQW\ U

7 WHVW UHVXOWY GHPRQVWUDWLQJ WKH VROXWLRQ W|
PHDVXUHPHQW IUHTXHQF\ LQ WKH HVWLPDWLRQ RI FULW

'LWKRXW 6HIPHQWDWLRQ &7 LWK 6HIPHQW

io»/E iC’)»/E iOil/z i(")»/E iC’)»/E iOll/z
FRPSDUHBPSDUHREPSDUWFHR® SDUHRBPSDUHEBPSDUHG

Wi 4 & WiR i1 W AR WiR 4 & WiR i1 Wil 4 &

)/ 1= WR 67

iO»/E iO»/E iOAE iC)»/E iO»/E iC)AE
67 WR 67 N N

16 » /£ 16 » /£ I6AE 16» /& I6AE
67 WR 67 5 ic’)»m ic’)»m iOAE i0>>/E ic’)»m iOAE
67 WR 67 Sig, g 16y & loAE 6y & ioAe
67 5 WR 67 5ig,x 1 & IgAE 19 £ 16 &

1RWH WKH HURGLELOLW\ SDUDPHWHU OLVWHG LQ HDFK FHOO LV WKH RQH ZLWK JUHDWHU F
, ] WKHUH LV QRW D VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFH LQ WKH FKDQJHV LQ HURGLE
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PHDVXUHPHQW IUHTXHQF\ LQ WKH HVWLPDWLRQ RI WKH HL

LWKRXW 6HIPHQWDWLRQ &7 :LWK 6HIJPHQ\

T x» [E “x»/E “xiY T x» T x» “x1
FRPSDUR®PSDWHRESDUH®PSD UHFRPEDUHEBRPBEDDUHG WR
WRze WRiy,  -xae “xAE - x1% “xAE

)/ 1= WR 67 “xAE " x»/E “xAE “xAE T x» fE “xAE

67 WR 67 3 . )

“xAE “x1% “x1% “x»/E “x»/E

67 WR 67 5 -, z¢ - X AE " x» [E “xAE

67 WR 67 5'><AE “xAE “xAE T x» /E “xAE

67 5 WR 67 5,zg - xAE - xAE “xAE

1RWH WKH HURGLELOLW\ SDUDPHWHU OLVWHG LQ HDFK FHOO LV WKH RQH ZLWK JUHDWHU F
, ] WKHUH LV QRW D VWDWLVWLFDOO\ VLIJQLILFDQW GLIIHUHQFH LQ WKH FKDQJHV LQ HURGLE

$ FRQVLVWHQW WUHQG ZDV REVHUYHG LQ WKH UDQNLQJiR! FHUWD
$ OHVV FRQVLVWHQW WUHQG ZDV REVHUYHG LQ WKH UDQNLQJ RI V
IUHTXHQF\7TK®IVH UDQNLQJV DUH VXPPDUL]JHG LQ 7DEOH

7TDEOH 5DQNLQJ RI VROXWLRQ WHFKQLTXH FHUWDLQW\ IUR

ic FHUWDLQW\ UHODWHG WRF Bl PN HAVPHOIMODWHG WR O

JUHT X JUHT X
/5  QWHUPHGLDWH /IHDVW
6' ORVW ,QFRQFOXVLYH
% 0 /JHDVW ,QFRQFOXVLYH

'LWKRXW VHIJPHQWDWLRQ WKHUH -L\, ®FO.5R DAL VWRHDKA. FIO R § HQLIV ER
FHUWDLQ ZLWK UHVSHFW WR WKH LQIOXHQFH RI PHBDMXUWPHQW IU}
PRUH FHUWDA @ MVOKBIQWKLY WUHQG ZDV QRW FRQVLVWHQW ZLWK DQ
DV LQFRQFOXVLYH 7KHVH UHVXOWV VXJJHVW WKDW LI /5 LV LPSOF
UHFRPPHQGHG E\ :DKO WKHQ EHVW HIIRUWY VKRXOG EH XQGH*
IUHTXHQF\ RI -(7V ZKHUH IHDVLEOH WR QLPULAO DWW H G QM B XPHHDRAHK BRI
IUHTXHQF\



(1"HFW RI PHDVXUHPHQW IUHTXHQF\ RQ VLWH FKDUDFWHUL]DW|

7KH  WHVW SRSXODWLRQ HPSOR\HG LQ WKH XQFHUWDLQW)\ DQDO\
XQLWV FDXVLQJ WKH YDULDQFH RI WKH SRSXODWLRQ WR EH ODUJF
LQYHVWLIJDWH KRZ WKH PHDVXUHPHQW IUHTXHQF\ GXULQJ D -(7 FD
FKDUDFWHUL]DWLRQ RQ D VLWH VFDOH .UXVNDO :DOOLV . : WHVYV
HURGLELOLW\ SDUDPHWHUY GHULYHG IURP /5 6' DQG %0 WHFKQLT)
VFHQDULRV IRU WKH WZR VLWHV ZLWK WKH ODUJHVW VDPSOH SRR
UHVXOWV DDE@HVWHG LQ

(YDOXDWLRQ RI PHDVXUHPHQW IUHTXHQF\ VFHQDULRY LGHQWLILHC
EDVHG,RQ £i6in-xvARs: LOGLFDWLQJ WKDW WKH FKDQJHV WR HURGL
DOWHULQJ WKH PHDVXUHPHQW IUHTXHQF\ JHQHUDOO\ GR QRW H[F}!
1DPHO\ WKH UDQJH LQ HURGLELOLW\ SDUDPHWHUV UHVXOWLQJ IU
YDULDELOLW\ DULVLQJ IURP DOWHULQJ PHDVXUHPHQW IUHTXHQF\

7TDEOH OHDVXUHPHQW IUHTXHQF\ LQIOXHQFH RQ VLWH |

&+ Q 17/ Q
&7 7 &7 7
io, & @ 6LIQLILFDQRH 1R 1R 1R
~x»i I BLJQLILFDQRH 1R 1R 1R
ioi%. : BLIQLILFOQFH 1R 1R 1R 1R
~xiv. I 6LJQLILFDQRH 1R 1R 1R
ioae : 6LIQLILFD|QFR 1R 1R 1R
“«AE. : 6LJQLILFD@AN 67 671R <HV 675 67 1R
67 67 5

%ROGHG FHOOV LQGLFDWH LQVWDQFHYV ZKHUH VWDWLVWLFDOO\ GLVWLQFW SRSXODWLRQV
'DWD 6FHQDULRY LQ SDUHQWKHVHY DUH LGHQWLILHG EHLQJ VWDWLVWLFDOO\ GLIIHI

-xAit KRZHYHU GHPRQVWUDWHY VRPH XQFHUWDLQW\ UHODWHG WR

&767 'DWD 6FHQDULRV EHLQJ VWDWLVWLFDOOADEOHEQBQW IURP &
&767 5 &767 &767 DQG &767 5 EHLQJ VWDWLVWLFDOO\ GLIIHUHG
'LWK VHIPHQWDWLRQ XQFHUWDLQW)\ LV UHGXFHG VXFK WKDW QRQ



IURP &7)/ 1= DW WKH FRQILGHQFH OHYHO S 7KLV GHPRQVWUD\
LQ UHGXFLQJ WKH XQFHUWDLQW)\ UHODWHG W RxPHD WWKKIHH R/H Q\W  MUFHD

7KH UHVXOWV SUHVHQWHG KHUH DOVR KHOS WR HPSKDVL]H WKH O
PHDVXUHPHQW WLPH LQWHUYDOV RI  VHFRQGV .KDQDO HW DO

VXIILFLHQWO\ VKRUW PHD¥WEHPHQWEWLFPW WEWHHIRQQLQJI RI -(7V
GHILQH WKH SURJUHVVLRQ RI WKH VFRXU KROH HDUO\ LQ WKH WHYV
VHIPHQWDWLRQ RI -(7 WHVW DQDO\VLV LV UHFRPPHQGHG WR UHG X
OHYHO WKDW ZLOO QRW DOWHU KRZ D VLWH LV FKDUDFWHUL]HG EI

(URGLELOLW\ SDUDPHWHUV RI WKH 7\SH UHJLRQ RI WHVW)

*HRORJLF FRPSDULVRQ

-(7V ZLWKLQ WKH +DOWRQ 7LOO Q ZHUH FRPSDUHG WR WHVWV
RI +DOWRQ 7LOO Q WR HYDOXDWH DQ H[DPSOH RI LQWUD JHRO
&RPSDUDWLYH SRSXODWLRQV H[FOXGHG WHVWV FROOHFWHG GXUL
WKH 4$ 4& UHYLHZ ZHUH OLPLWHG WR WHVW GXUDWLRQV ORQJHU
REVHUYHG QRIV7WR HFRGILELOLW\ SDUDPHWHUV HVWLPDWHG XVLQ.
JLIXUHZLWK DQG ZLWKRXW VHJPHQW D Wi;RIQU YR Q IR YWD FHHWWRIP ®' W B
VLPLODU WR :DKO oA R ABHNDWORDWHG ZLWK QHJDWLYH YDOXHYV
FRUUHFWHG XVLQJ &RUNSHTFHNRIQ 6HWKRG  VHH

7KH SRSXODWLRQ RI +DOWRQ 7LOO WHVWYV ZDV FRPSDUHG WR WKH
DVVXPLQJ XQHTXDO YDULDQFHV ZLWK D FRQILGHQFH OHYHO RI S
ZKHWKHU WKH -(7V DUH VHIPHQWHG DOO VROXWLR®Q VRUFKQLTXHV
+DOWRQ 7LOO FRPSDUHG WR WKHH)$O0 ¥ UG /6 X VS\REDXNW BWDRMRIZG U P F
WKH +DOWRQ 7LOO SRSXODWLRQ /HYHQHTV WHVWV IXUWKHU GHPR
HVWLPPWRHDOO VROXWLRQ WHFKQLTXHV UHJDUGOHVV LI VHIPHQW
WKH HGDBWLFMRMDW LILFDWLRQ RI WKH JHRORJLF XQIW7RLVYWXG\ FD(
VXSSRUWV WKH FRQFOXVLRQV PDGH E\ ODKDOGHU HW DO ZKR
SK\VLRJUDSKLF UHJLRQV RU LQ WKLV FDVH GLIITHUHQW JHRORJLF .
UHVSHFWLYH HURGLELOLW\ SDUDPHWHUYV



7KHUH ZDV QR VLJQLILFDQW SDOKHWQ@KH QD STEGIFWHE Rl WKH W
WHFKQLTXHV EHWZHHQ WKH +DOWRQ 7LO0O DQG $00 6LWHV SRSXOI
ZLWKRXW VHIPHQWDWLRQ 7KLV VXJIJHVWV WKDW WKH YDOXHV REV
IDFWRUV EH\RQG WKH JHRORJLF XQLW

JLIXUH &RPSDULVRQ RI HURGLELOLW\ SDUDPHWHUV DFURVYV $0O

&RUUHVSRQGLQJ WR HPSLULFDO REVHUYDWLRQV WKDW PHGLD PRU
VHYHUDO UHVHDUFKHUV KDYH ILW SRZHU UHJUHVWBROQWRQRXJK \
DQG 6LPRQ 6LPRQ ‘DKO 7KH UHJUHVVLRQ RI WKH GDW
HDFK RI WKH WKUHH VROXWLRQ WHFKQLTXHV ZLWK DG XU KRXW

IROORZLQJ D VLPLODU DSSURDFK WR WKH DIRUHPHQWLRQHG LQY
6LWHV SRSXODWLRQ ZDV FRPSDUHG WR WKH UHJUHVVLRQ DQDO\VL
LGDEOH



7TDEOH 5HJUHV VL RIQUHODMMRQRKLSYV

LWKRXW 6HIPHQWDWLRQ 'LWK 6HJIJPHQ\
$00 VLWHYV +DOWRQ 7LOO $00 6LWHYV
% 0 el sty UIRST o el erz  Vigh%8 | -, gL rxu VIS5 -, gl rw{ 1id4%8°
0 46 L rwr 4 L rwu 4 L rws 4€ L rvv
. il ST UIZIETT b tvys VIGIEST | -yl otz Lid5° -yl s 2z Lig§4°°
6 4L rtw 4¢ L ru{ 4€ L rty: 4¢ L rrx
/5 Al {xr UIGRET -aael yxv UIGRE | -xael sstvUigaEs  -xael ryr Vigng®
48 Lrsz 4€ L rsv 46 L rtw 4€Lrts

7KH UHODWLRQYVEQSIEHWEHHRMWURQJIJHVW ZKHQ WKH %ODLVGHOO PF
GDWD 7KLV LV FRXQWHU WR WKH REVHUYDWLRQ PDGH E\ :DKO
UHODWLRQV-KIISQEBHAMWEEH®OXH RI FRPS®DIUHG \RB BQ 57KH
LQYHVWLIJDWLRQ RI :DKO IRFXVHG RQ UHPROGHG VDPSOHV ZK
VHWWLQJ ZKHUHDV WKLV LQYHVWLJDWLRQ IRFXVHG RQ WHVWYV SH
IXUWKHU LPSDFW WHVWLQJ UHVXOWYV )XUDMGXKS UR W Ko Y UNRKQH) HE XX UL
VWXG\ LV DWWULEXWHG WR WKH WHFKQLTXH HRSARA IHYWD PDIRH GW
LQGLYLGXDOO\ DQG WKHQ DSSO%W® WRWXION HDWISPOM RRKY BHODW L
WKH WZR HURGLELOLW\ SDUDPHWHUV 7KLV 6 LXMH®X H\R QRWUU BB X W H V
UHJUHVVLRQV EHWZHHQ WKH5FXUUHQIM LRQKEYWLIDWIRK 6' DQG /5
WHFKQLTXHi¥ NM@OVYHPXRUWWDQHRXVO\ UHVXOWLQJ LQ WKHVH VROXWL
YDOXHV RI WKHLU SRZHU UHJUHVVLRQ ILWV 2YHUDOO WKH ORZ JF
SRZHU IXQFWLRQ UHODWLRQVKLSY WR FRUUHODWH

7KH RQO\ VFHQDULR LQ ZKLFK WKH 3+DOWRQ 7LOO" DQG 3$00 6LWH
GLITHUHQW LQ UHJUHVVLRQ DQDO\VLYV IURP RQH DQRWKHU ZDV 6' Z
WIHYDOXH RI WKH ILW WKURXJK WKH +DGWRQ 7W®&8 UFHEW D ZID&HH DED
GHVFULELQJ WKH WZR GLVWLQFW SRSXODWLRQV



JLIXUH Y¥ UHJUHVVLRQV RI WHVWV VSDQQLQJ $00 VLWHV DQ



S5HVXOWV KHUH LQGLFDWH WK DW&ELY\ QRO DWLERMKUE PHMW YHBQ HR
WKXV FDQQRW EH UHILQHG E\ WDNLQJ LQWR FRQVLGHUDWLRQ ZKLF
GHULYLQ I, WKIWDWLRQVKLS IRUDQ LVRODWHG JHRORJLF XQLW GRH
DSSOLFDELOLW\ RI WKH UHODWLRQVKLS L H WKH ILW Rl WKH GDV
WHK4-« UHODWLRQVKLS REWDLQHG LQ WKLV LQYHVWLJDWLRQ DQG R
LQFOXVLRQ RI FODVVHG JHRORJLF XQLWV 7UHQGV LQ HURGLELOLYV
PRUH QXDQFHG WKDQWRDB G\ LGF@XWHQRWKHU SDUDPHWHUV DV VX,

$W $ 6WDWLRQ FURVV VHFWLRQ VDPSOH ORFDWLRQ FRPSDULVR
SDUDPHWHUYV

7KH 7\SH UHJLRQV RI WKH WHVWV L H -(7V ZLWK VHIPHQWDWLR
ZLWKLQ D VWUHDPIVXHFURGNFWHRPLIXYHEHPRQVWUDWHY KRZ WKH 7\
HURGLELOLW\ SDUDPHWHUV SUHGLFWHG E\ 6' DQG /5 FKDQJH EDVH
VHFWLRQ IRU WKH WHVWY VSDQQLQJ DOO WKH VWXG\ VLWHV %
DELOLW\ WR ILWSBEVHIULYWHBKRXWEB EH KLIKOLJKWHG WKDW FRPSDU
PD\ EH UHVWULFWHG E\ WKH UHODWLYHO\ VPDOO VDPSOH VL]HV RI

.UXVNDOO :DOOLV WHVWYV ZLWK IROORZ XS SDLUZLVH 0DQQ :KLWQF
FURVV VHFWLRQ ORFDWLRQ RI WHVWYV IRU ERWK 6' RU /5I§VHFKQLT:
LV VLIQLILFDQWO\ GLITHUHQW IRU WKH VHFRQG EDQN WLHU FRPSD
DQG LW LV REMHYXVH®/DDWKWRH VHFRQG EDQN Wik H B PSSRV & WR DWKK
RWKHU SRSXODWLRQVY 7KH VWUHDP EHG ILUVW EDQN WLHU DQG W
:DOOLV QXOO K\SRWKHVLV RI DOO VDPSOHVsRIKLIQ Y DWKIHYH I URF XK
QRW QHFHVVDULO\ DJUH HRALWK S/KAIGLQFUWMRVARIHU SRUWLRQV RI
6 XWDUWR UHJLRQV RI KLJKHU LQ VLWX PRLVWXUH FRQWHQW
GLITHUHQW VHFWLRQV RI D VWUHDPEDQN VKRXOG EH FKDUDFWHUL
SDUbPHWHUVY DYHUDJHG DFURVV WKH IDFH RI D JLYHQ EDQN



J)LIXUH (URGLELOLW\ SDUDPHWHUV RI 7\SH UHJLRQ EDVHG

:KHUH WKH HIWHQWYV RI WKH ZKLVNHUV UHSUHVHQW WKH PD[LPXP DQG PLQLP

-xGHPRQVWUDWHYV GLITHUHQW WUHQGV UHKO®  WHG/ MOIROW K B GFOIRW V H
ZLWK IROORZ XS SDLUZLVH 0DQQ :KLWQH\ 7HVIVO AL QGWRDWHAR XVXLDN
JURXSV IRU ERWK 6' DQG /5 WHRKOWKEKKNWURBRIF EPHG D& WKH WKLLU
KDYH VLIJQLILFDQWO\ GLIITHUHQW PHGLDQV IURP RQH DQRWKHU DW
GLITHUHQW IURRRWVRMHKAHGUMY DQG VHFRQG EDQN WLHUV ZKLFK KLC
EHWZHHQ WKHPVHOYHYV

7\SH SHILRQ FRPSDULVRQ

7R DVVHVV KRZ WKH SUHVHQFH RI ZHDWKHUHG PDWHULDO FKDQJH)
VXEPHUJHQFH JHRORJLF XQLW ORFDWLRQ LQ WKH VWUHDPYfV FUR
FRPSDUHG EHWZHHQ YDULRXV SRSXODWLRQV 7KLV DQDO\VLV LQFC



DVVLIQHG D SRRU ILHOG JUDGH RU GHHPHG LQDGPLVVLEOH EDVHG
ZHUH SHUIRUPHG IRU DQ LQVXIILFLHQW GXUDWLRQ WR HVWLPDWH
WHVW ZHUH LQFOXGHG KHUH LI WKHUH ZDV D GLVWLQJXLVKDEOH W
UHVXOWY LQ D WRWDO RI WHVWY VSDQQLQJ ERWK VXPPHU DQG

J)LIXUH 5HODWLRQVKLS EHWZHHQ PD[LPXP LQLWLDO VKHDU V'

7R LQYHVWLIJDWH WKH SRWHQWLDO LQIOXHQFH RI WKH VKHDU VWU
GHSWKV RI WKH ILUVW VHJPHQW 7\SH 5HJLRQ WKHVH WZR SDUD
VKRZQLURUHS5HFRJIJQL]LQJ WKDW KLJKHU DSSOLHG VKHDU VWUHVV H
UDSLG HURVLRQ LQ WKH HDUO\ WLPH VWHSV RI D WHVW PD\ UHVXO
PD\ EH RYHUHVWLPDWHG ZKHQ)KIXKHUHPR QMWW Bl ¥V HVKDSO WHKGE V |
WKHUH LV D QHJOLJLEOH UHODWLRQVKLS EHWZHHQ WKH GHSWK RI
45L rars{ 7KLV LQGLFDWHY WKDW WKH VHOHFWLRQ RI DQ DSSURSUL
ILHOG DVVHVVPHQW Rl WKH PDWHULDO SURSHUWLHV H J KLJKHU
WR EH PRUH UHVLVWDQW WR HURVLRQ GRHV QRW XQGXO\ LQIOXH(
ORFDWLRQ



7KH DEVHQFH RI D UHODWLRQVKLS EHWZHHQ LQLWLDO VKHDU VWU
GHSWK RI ZHDWKHUHG PDWHULDO LQGLFDWHYVY WKDW RWKHU IDFW|
GRPLOQDWH WKH GHWHUPLQDWLRQ RI WKH GHSWK RI WKH ILUVW VH
FRQGXFWHG DW WKH VDPH ORFDWLRQ DW D KLIJKHU SUHVVXUH WKF
FRPSDUHG WR D ORZHU SUHVVXUH VHWWLQJ 7KLV LV UHFRJQL]HG
PDQDJHG WKURXJK RSHUDWRU H[SHULHQFH LQ VHOHFWLQJ UHDVRC

JLIXUHGHPRQVWUDWHY WKH GLITHUHQFHYVY LQ WKH GHSWK RI WKH 7\
WHVWV LQ +DOWRQ 7LOO DQG WKH RWKHU JHRORJLFDO XQLWV LQ
VWUHDP FURVV VHFWLRQ , W VKRXOG EH KLIKOLJKWHG WKDW WKH
LQ WKH ILJXUH DUH QRW HTXDO

7KH VXEDHULDO PHDQ LV FRQILUPHG WR EH KLIJKHU WKDQ WKH VXE
WKURXJK D W WHVW IRU VDPSOHV RI XQHTXDO YDULDQFHV /HYHQF
GHSWK RI 7\SH LQ WKH VXEDHULDO WHVWYV LV JUHDWHU WKDQ LQ
Rl :\QQ HW DO RQ WKH LPSDFW RI VXEDHULDO SURFHVVHYV RQ
OLNHO\ H[SRVHG WR PRUH ZHWWLQJ GU\LQJ F\FOHV WKDQ VXEPHU!.
LQ WKLY LQYHVWLIDWLRQ ZHUH FROOHFWHG DW ORZ IORZV GXULQ
VXEPHUJHG \HDU URXQG 6RPH VXEPHUJHG WHVWV WKDW GLVSOD\
ZKLFK FRXOG EH DWWULEXWHG WR RWKHU ZHDWKHULQJ SURFHVVH
VDOWDWLRQ DV SHU 3LNH HW DO RU FRXOG EH DQ LQGLFDWL
SURFHVVHV $0OXYLDO WUDQVSRUW RI QRQ FRKHVLYH SDUWLFOHYV
QRWDEOH ZHDWKHULQJ SURFHVYV LQ VHPL DOOXYLDO VWUHDPV LQ
VXUILFLDO OD\HU DORQJ VXEPHUJHG VWUHDPEHGY 3LNH HW DO
DJUHH ZLWK TXDOLWDWLYH REVHUYDWLRQV PDGH GXULQJ WKH FXL
DUPRXUHG VWUHDPV ZKHUH DOOXYLDO WUDQVSRUW LV H[SHFWHG
UHVLVWDQW FRKHVLYH PDWHULDO DORQJ FKDQQHO EHGV



J)LIXUH &RPSDULVRQ RI GHSWKV RI 7\SH EHWZHHQ VXEPHL
:KHUH WKH H[WHQWYVY RI WKH ZKLVNHUV UHSUHVHQW WKH PD[LPXP DQG PLQLPX

7KH GLYLVLRQ RI WHVWV E\ WKHLU OR FDMIURG ZR WIKGIQVDL QWHH BR' W
UHVXOWYV ZLWK WKH FDYHDW WKDW WIEH @R SXIC-DUIVK RQ R IUWBDW VY Y
SRSXODWLRQ FRPSDUHG WR WKH RWKHU FURVV VHFWLRQ ORFDWLF
D EDQN WKH GHSWK RI WKH 7\SH UHJLRQ LQFUHDVHV $ .UXVNDO
0DQQ :KLWQH\ WHVWYV U HWVHD@NWKIDHY V& RHQIRMG KIDYG! VLIQLILFD QWO
WKH\ KDYH VLJQLILFDQWO\ OR 2ADQRFEGIIND W IFHRWP S DKILH/GPW R BMK HQ W
WHVWYV KLJKHU XS RQ EDQNV DUH H[SRVHG WR PRUH LPSDFWIXO Zt
WR WHVWV ORZHU LQ D VWUHDPYTV FURVV VHFWLRQ +RZHYHU WKL
KLJKHU XS LQ D VWUHDPYV FURVV VHFWLRQ DUH OHVV OLNHO\ WR
WKH VXUILFLDO OD\HU UHVXOWLQJ LQ D ORQJHU FXPXODWLYH WLP
PDWHULDO IURP SHUVLVWHQW ZHDWKHULQJ SURFHVVHYV



6HDVRQDO LQIOXHQFHV RQ -(7 UHVXOWYV

'XULQJ WKH VSULQJ GDWD FROOHFWLRQ DW *5/ VRPH RI WKH OLPL
SURQRXQFHG FRPSDUHG WR WKH VXPPHU GDWD FROOHFWLRQ ILHO
RI D OD\HU RI ZHDWKHUHG PDWHULDO ZDV FRQVLVWHQW DQG DW F
-(7 IRXQGDWLRQ ULQJ 7KH ZHDN DQG VRIW SURSHUWLHV RI WKH P
FUHDWH D VHDO ZLWK WKH -(7 IRXQGDWLRQ ULQJ ZKLFK LQ WXUQ =
7KLY LOWURGXFHG D ELDVY LQ WKH WHVW ORFDWLRQ VHOHFWLRQ S
ZHDWKHUHG PDWHULDO SUHVHQW ZRXOG EH DYRLGHG WR HQVXUH
VHYHUDO RYHUKDQJLQJ EDQNV ZKHUH EDQN VOXPSLQJ DQG FDQWL
ORFDWLRQV ZHUH DYRLGHG GXH WR WKH GLIILFXOWLHYVY LQ GHWHU
RI WKH W\SLFDO JUDGLHQW RI ZHDWKHULQJ H[SHFWHG WR EH IRXQ
MHW DSSDUDWXV DW WKH UHTXLUHG DQJOHV %RWK FULWHULD ZR>
ZHDWKHUHG PDWHULDO WKDQ PD\ EH UHSUHVHQWDWLYH

7KH GHSWK RI WKH 7\SH UHJLRQ IRU WKH WHVWV FROOHFWHG LQ
*DLQVERURXJK 5D YL QH JDXWH SUDHVHIABHDG L FROOHFWHG GXULQJ WK
KDYH D VPDOOHU PHGLDQ DQG VPDOOHU YDULDQFH LQ GHSWKV RI
FROOHFWHG GXULQJ WKH VSULQJ RI 7KLV LV FRQILUPHG IRU W
VLIQLILFDQW UHVXOWYV RI D 0DQQ :KLWQH\ WHVW DW WKH FRQILGH
FRQILUP VLIJQLILFDQWO\ GLIIHUHQW YDULDQFHV DW WKH FRQILGHQ
PDGH E\ :ROPDQ /IDZOHU /IDZOHU &RXSHU DQG 0DG(

RI VWUHDPEDQNY EHLQJ PRUH VXVFHSWLEOH WR HURVLRQ LQ
ODUJHO\ DWWULEXWHG WR LQFUHDVHV LQ PRLVWXUH FRQWHQW IL
SUHSDUDWLRQ RI D OD\HU RI PDWHULDO IRU UHPRYDO GXULQJ VXE

'KHQ LQYHVWLJDWLQJ WKH HURGLELOLW\ SDUDPHWHUV Rl WKH VH
FRQWUDVW EHWZHHQ WKH SRSXODWLRQV DV REVHUYHBXU® WKH VS
EGLVSOD\V WKH UHVXOWV Rl WKH DQDO\VLV E\ /5 DQG 6' VROXWL
XVLQJ 0DQQ :KLWQH\ WHVWV WKHUH ZHUH QR Vi JQkELFROW GLIITHL
EHWZHHQ HDUO\ VSULQJD KRI¥KPRYUHWKIMALWY D KLIKHU YDOXH LG

rasu%%li FRPSDUHG WR WKH vmp%%HLEszkaDQQVRKH VSULQJ DQG VXPP}



7KHVH UHVXOWY SUHOLPLQDULO\ VKRZ WKD Wy WKH RQVONUDQRH & | W/
VXUILFLDO OD\HU KRZHYHU WKH LQIOXHQFH ,RPDMHDYRXNOAW\ RQ
LQFUHDVH WKH XQGHUO\LQJ PDWHULDOYV VXVFHSWLELOLW\ WR HU
VXJIJHVWYVY WKDW VHDVRQDO LQFUHDVHYVY LQ HURVLRQ UDWHY DUH J
D OD\HU RI ZHDWKHUHG PDWHULDO PRUH VXVFHSWLEOH WR GHWUL
WKH FRQFOXVLRQ UHJDUGLQJ VHDVRQDO YDULDWLRQ LQ UHVLVWD
VHSDUDWLQJ WKH GLITHUHQW UHVSRQVHV RI WKH VXUILFLDO DQG .
VLQJOH VDPSOH SRSXODWLRQ

JLIXUH D &RPSDULVRQ RI GHSWK RI1 7\SH EHWZHHQ VXPPHU L
E 7\SH HURGLELOLW\ SDUDPHWHUV EHWZHHQ VXPPHU DQG



&KDSWHU
'LVFXVVLRQ

$SSOLFDWLRQ RI PLQL -(7 PHWKRGRORJ\

2YHU D WKUHH \HDU ILHOG FDPSDLJQ WKH -(7 PHWKRGRORJ\ ZDV V
VSDQQLQJ GLIITHUHQW JHRORJLF XQLWYV 'HVSLWH QXDQFHV WKD
FRPPRQ LQ PRVW ILHOG SURJUDPYV -(7V ZHUH FRQGXFWHG $IW
VSDQQRLQJ WZR VHDVRQV ZHUH DYDLODEOH IRU GHWDLOHG DQDO\V
WHVWLQJ SURJUDP ZKLFK ZHUH LPSRUWDQW SURFHGXUHV PHWKRG
VKRXOG EH FRQVLGHUHG LQ IXWXUH WHVWLQJ FDPSDLJQV

7KH PRVW QRWDEOH OLPLWDWLRQ RI WKH PLQL -(7 PHWKRGRORJ\ F
VHOHFWLQJ D ORFDWLRQ WR SHUIRUP DQ\ JLYHQ WHVW :KHQ VHOF
SUHYHQW D VXFFHVVIXO WHVW VXUIDFHV ZLWK IUDFWXUHV YLVLE
DYRLGHG 7KLV LQKHUHQW VHOHFWLRQ FULWHULD WHQGYV WR ELD\
KRPRJHQRXV DUHDV ZKLFK DUH QRW DV OLNHO\ WR HURGH GXH WR
ELDV VNHZV WKH UHVXOWV RI DQ\ JLYHQ WHVW WRZDUGVY PRUH UH
SURQH WR HURVLRQ

7KLV ELDV ZDV REVHUYHG WR EH PRUH SUHYDOHQW LQ VSULQJ VDF
*5/ LW ZzDV REVHUYHG WKDW WKHUH ZDV D FRQVLVWHQW OD\HU RI
GHSWK RI WKH VWHHO -(7 IRXQGDWLRQ ULQJ 7KH ZHDN DQG VRIW
ZLWK WKH -(7 IRXQGDWLRQ ULQJ ZKLFK LQ WXUQ FRXOG QRW HQVX
WR QRWH WKDW WKLY VHOHFWLRQ ELDV OLNHO\ DIIHFWV DOO WHV
FRQGLWLRQV LQ SDUWLFXODU ZKHQ VSHFLPHQV DUH H[WUDFWHG

2YHUDOO WKH -(7 SURYHG WR EH DQ HIITHFWLYH PHWKRG IRU DQ L¢
VSHFLILF GDWD SHUWDLQLQJ WR HURVLRQ WKUHVKROGY LQ FRKHYV
SURSHUO\ DVVHVV DQG DSSO\ WKH UHVXOWYV RI D -(7 LQYHVWLJDW
LQWLPDWHO\ IDPLOLDU ZLWK WKH SURFHVVHYVY JRYHUQLQJ HURVLR(
PHWKRGRORJ\ DQG WKRVH ZKR KDYH D KLJK GHJUHH RI IDPLOLDUL
DUH FROOHFWHG



8QFHUWDLQW\ RI HURGLELOLW\ SDUDPHWHUV GHULYHG IUR

7KH XQFHUWDLQW)\ Rl WKH -(7 VROXWLRQ WHFKQLTXHV UHODWHG W
HVWLPDWLR@®IRQLPDO ZLWK DQG ZLWKRXW VHJP HQWHDNN FQR HAK H [PV
UHODWHG WR PHDVXUHPHQW IUHTXHQF\ DQG WHVW GXUDWLRQ LV
SDUDPHWHU DQG GRHV QRW LQIOXHQFH KRZ D VLWH LV FKDUDFWH!
EHWZHHRQ& DYV GHPRQYMXDWRIGIXQH Q 6HFWLRQ 7KLV LV IXUWI
KLJKOLJKWXIGHL QD

J)LIXUH &RPSDULVRQ RI 6" DQG /5 HURGLELOLW\ SDUL

+DYLQJ WZR VHSDUDWH DQG GLVWLQFW -(7 VRDWXWILRIWM N FEIQQ GXHI
KLIJKHU GHJUHH Rl FRQILGHQFH LQ WKHLU UHSUHVHQWDWLYHQHVYV
DQ DSSURSULDWH VROXWLRQ WiHEPQKTOH H, B RWKZ RRQAKL QR WQ @D W
i5,£ZKLFK KDV SUHYLRXVO\ EHHQ QRWHG E\ &RVVHWWH WR XQ

(VWLPDWHKRREHYHU GHPRQVWUDWH JUHDWHU XQFHUWDLQW\ ZLWK
IUHTXHQF\ DQG WKH VROXWLRQ WHFKQLTXH DSSOLHG )RU DOO VR
HVWLPDWHYYDOOKHM DQG -(7V ZLWK DQ LQFUHDVHG HDUG) PHDVXUHI
YDOXHV 7HVW VHIPHQWDWLRQ UHGXFHV WKH XQFHUWDLQW\ UHOI



FKDUDFWHUL]DWLRQ RI D VLWH LV QRW LPSDFWHG E\ FKDQJLQJ WK
WKH -(7

:KLOH WHVW VHJPHQWDWLR Q, WHOXCAKN GV R WEOINMU & OUDRWLRQ EDVE
FKDQJH LQ WKH SDUDPHW MU PWK®VXQF bl UMD DQWFKD®JHG RQ D SHUI
(YHQ ZLWK VHIPHQWDWLRQ WKH FKDRDFE W WU D|O \E HRI) IRIF BV N G WZHK HE
VKRUWHU WKDQ PLQXWHV LQ GXUDWLRQ

7R UHGXFH XQFkHYVWRPOWHNVQGHULYHG IURP -(7V LW LV UHFRPPHQC
VFKHGXOHV LQFOXGH D UDSLG PHDVXUHPHQW FRPSRQHQW DW WKF
VFRXU GHYHORSPHQW 7HVWV VKRXOG DOVR EH FRQGXFWHG IRU LT
UHJLPHQ RXWOLQHG LQ ZDBHOKMDWHEGFMR WKHWN ®RHFWLRQ RI VRO X\
KLJK FRPSDUHG ZLWK QR RRAUQG ORWALRIY ERWZKHQ WHVWY DUH UHT
EHWWHU DVVHVV ZKLFK VROXWLRQ WHFKQLTXH SURYLGHY EHWWH UL

7\SH SHIJLRQ HURGLELOLW\ SDUDPHWHUYV

7KH PHOZQWKLQ WKH +DOWRQ 7LO0O SRSXODWLRQ LV IRXQG WR EH (
KRZHYHU WKLY UHTXLUHVY FRQWH[WXDOL]DWLRQ 'HVSLWH WKH VW
DFWXDO GLIIHUHQE4+u QR:@QItHAB EHGHESHQGLQJ RQ ZKHWKHU 6' RU /5 L
7KLV GLIIHUHQFRH EQWZKH @HDQOWRQ 7LO0 DQG WKH $00 6LWHV SR
UDQJig YQOXHV REWDLQHG DW D)QV X UWHAK H PG GYL §IRVMD QHYE QM G X D O
VLWHY DOVR UHLQIRUFHYV WKH LPSRUWDQFH Rl FRQVLGHULQJ WKH
WKDQ RQO\ WKH PHDQ YDOXHV (VSHFLDOO\ VLQFH HURVLRQ ZLOO
FRQGLWLRQV DUH PRUH FRQ®QG KHIWRWHURVLRQ ORZHU

7KH UDQJHV LQ HURGLELOLW\ SDUDPHWHUYV IRU W.IKH7D-HEHRGREILF XQ
7TDEOH,Q DGGLWLRQ WR WKH ELDV LQ WKH PDFUR VFDOH VSDWLDO
LPSRUWDQW WR QRWH WKDW WKHVH VXPPDUL]HG YDOXHV SHUWDL(
LQFRUSRUDWH WKH UROH RI VXUILFLDO ZHDWKHUHG PDWHULDO LQ
UDQJH LQ FULWLFDO VKHDU VWUHVYV ZLOO OLNHO\ WHQG FORVHU W
YDOXHV W LV UHFRPPHQGHG WKDW ZKHQ FKDUDFWHUL]LQJ HURVL
DSSURDFKHG IURP WKR Z' P& WD HH BRILROVIKIZOORKBXRVLRQ RFFXU



J)LIXUH &RPSDULQJ GLITHUHQFHYVY LQ PHDQ RI FULWLFDO VKHDU
WR UDQJHV DW LQGLYLGXDO VLWHYV



7TDEOH &ULWLFDO VKHDU VWUHVY UDQJHYV IRU JHRC

IoAe [FYE2 165 &
3D 3D 3D
PLQ PHDQ PD[PLQ PHDQ PD[PLQ PHDQ PD]

+DOWRQ 7LO0O Q
6FKRPEHUJ &0D\ Q
'RUFKHVWHU 7LO0 Q
BWLUWRQ 7LOO0 Q
/HDVLGH 7LO0O Q
ORUQLQJWRQ 7LOO Q
7DYLVWRFN 7LOO Q
ODU\KLOO 7LOO Q
:DUWEXUJ 7LOO Q

+DOGLPDQG &0OD\ Q

7KH PLQLPKIPOXHV VXPPDUL]JHG LQ WKLY WDEOH DUH RYHUHVWLPDWHY EDVHG RQ
H[FOXVLRQ RI WKH 7\SH UHJLRQ LQ WKH -(7 DQDO\VLV

:KLOH WK-H RHW&H WHVWYV VSDQQLQJ $0O0 6LWHV YHUVXV WKH RQHYV
WR EH GLVVLPLODU WKLV PD\ EH UHODWHG WR WKH UHODWLYHO\ K
DVVHVV LQWUD XQLW FKDUDFWHULVWLFV LQ WKLV LQYHVWLIJDWLRQ
DW RWKHU VLWHV LW LV UHDVRQDEOH WR H[SHFW WLOOV WR KDYH
FOD\ FRQWHQW DQG VRUWLQJ SURFHVVHV SRWHQWLDOO\ UHVXOWL(
HURGLELOLW\ SDUDRHWBOXHAKH HWWDLDFIPWH G | HG EEQ RVHRR DRFLLOFL WO WAH
FRPSDULVRQ DQG GLVFXVVLRQ ZLWK IXWXUH UHVHDUFK SURMHFWYV
DFFXUDF\ RI WKH SDUDPHWHUM HVYH. WKW HY®D OXRP -VKRXIDG@ EH HPSO
FDXWLRQ LQ SUDFWLFH



7TDEOH (URGLELOLW\ FRHIILFLHQW UDQJHV IRU JHRC

“xAE Tx1% “x»/[E
FP16 FP16 FP16
PLQ PHDQ PPLQ PHDQ PDPLQ PHDQ PDJ

+DOWRQ 7LOO Q
6FKRPEHUJ &0OD\ Q
'RUFKHVWHU 7LO0 Q
BWLUWRQ 7LOO Q
/JHDVLGH 7LO0O Q

ORUQLQJWRQ 7LOO Q
7DYLVWRFEN 7LO0O Q

ODU\KLOO 7LOO Q
‘DUWEXUJ 7LOO Q
+DOGLPDQG ¢

7KH PLQLPXPOXHV VXPPDUL]JHG LQ WKLV WDEOH DUH RYHUHVWLPDWHY EDVHG RQ
H[FOXVLRQ RI WKH 7\SH UHJLRQ LQ WKH -(7 DQDO\VLV

&RQFHUQLQJ FURVV VHFWLRQDO YDULDWLRQ LQ HURGLELOLW\ SDU
WKDW WKH VHFRQG EDQN WLHU LV WKH ORFDWLRQ ZLWKLQ WKH VYV
ip :KLOH WKLV LV D GLITHUHQW ORFDWLRQ ZLWKLQ WKH VWUHDPTfV
IRXQG WR KDYH WKH KLIJKHVW FULWLFDO VKHDU VWUHVV LW GRHYV
D VWUHDPYV FURVV VHFWLRQ LV OLNHO\ VLWH VSHFLILF DQG FDQ |
DQG FOLPDWRORJLF ZHDWKHULQJ SURFHVVHY SURSHUWLHV RI Wk
VSHFLILF GDWD SHUWDLQLQJ WR HURVLRQ WKUHVKROGV RI FRKHVI
WKDW EDQN HURVLRQ GRHV QRW RFFXU VROHO\ DV D IXQFWLRQ RI
7TKHUH DUH DOVR YDULDWLRQV LQ WKH K\GUDXOLF VKHDU OHYHO |
VWUHDP FURVV VHFWLRQ WKDW ZLOO DOVR FRQWULEXWH WR WKH



7THVW VHIPHQWDWLRQ DQG GHSWK RI 7\SH UHJLRQ

5HPRYDO RI WKLQ VXUIDFH OD\HUV DW VWUHVVHV EHORZ WKH FUL\
KDYH SUHYLRXVO\ EHHQ UHSRUWHG .DPSKXLV /IHIHEYUH
LGHOQWWKIHQBULWLFDO WUDFWLYH IRUFH GRHV QRW DSSHDU VXIILF
LQWDFW FOD\ 7KH UDWH RI HURVLRQ SULRU MARHEYIUWMLFDO FRQGL
/IDZOHU &RXSHU DQG ODGGRFN *DVNLQ HW DO DQG

H[SDQGHG XSRQ WKLY HGLFW WR UHODWH WKH HURVLRQ SULR
UHGXFLQJ WKH PDWHULDOYfY UHVLVWDQFH WR HURVLRQ

*LYHQ WKH LPSRUWDQFH RI WKLV VXUILFLDO OD\HU LQ SRWHQWLD
PDWHULDOV FKDUDFWHUL]DWLRQ Rl WKH VXUILFLDO JRQH FDQ EH
GHYHORSLQJ GDWDVHWYV +RZHYHU WKH SURJUHVVLRQ RI -(7V IUR
ZLWK WKH VRLO SURILOHV ZKLFK FRPPRQO\ FRQWDLQ WKH ZHDNHV
OLPLWV WKH DPRXQW RI XVHIXO LQIRUPDWLRQ WKDW LV DWWDLQD
DGYDQWDJH LQ DSSO\LQJ WKH VHIPHQWDWLRQ RIIHUHG LQ WKH FX
VHIPHQWDWLRQ WHFKQLTXH DSSOLHG WR -(7 GDWD VHWYV LV VLPS(
DVVXPSWLRQ RI KRPRJHQHLW\ ZLWKLQ WKH VRLO SURILOH DQG DQ
LQFRUSRUDWHY PHGLD KHWHURJHQHLW\ ,W LV QRWHZRUWK\ WKD
WHFKQLTXH 036 WR HYDOXDWH ZHDWKHULQJ KRZHYHU WKLV WHI
SDUDPHWHUV WKDW DUH QRW QHFHVVDULO\ UHSUHVHQWDWLYH RI
)XUWKHU 036 LV QRW FRQVLGHUHG IHDVLEOH WR HPSOR\ LQ PDWH!
REVWUXFWLRQV DUH OLNHO\ WR EH HQFRXQWHUHG LQ WKH ODUJH!
VHIPHQWDWLRQ DOVR RIIHUV VRPH UHGXFWLRQ LQ HURGLELOLW\ ¢
DQG PHDVXUHPHQW IUHTXHQF\ KRZHYHU VRPH XQFHUWDLQW\ ZLW
LPSURYHPHQWYVY RIIHUHG E\ WHVW VHJPHQWDWLRQ RIIHU DQ DOWH|
SURSHUWLHV .KDQ ODKDOGHU HW DO *DVNLQ HW DO
WKURXJKRXW D -(7 VFRXU KROH

6HDVRQDO LQIOXHQFH LQ HURVLRQ RI FRKHVLYH PDWHULDC

6LPLODU WR WKH UHVXOWYV RI :\QQ HW DO WKHUH LV D VLJQL
UHVLVWDQFH WR HURVLRQ RI FRKHVLYH PHGLD LQ WKH VSULQJ GD



+RZHYHU WKH UHVXOWYV REWDLQHG LQ WKLV UHVHDUFK LQGLFDWF
VXUILFLDO OD\HU FRQVLVWLQJ Rl ZHDWKHUHG PDWHULDO DQG WKt
JHQHUDOO\ GR QRW SURSDJDWH EHORZ WKLV OD\HU 7KH RFFXUUH
WKH VSULQJWLPH FRUUHVSRQGY WR HOHYDWHG IORZV GXULQJ WKI
KLJKHU VKHDU VWUHVVHV XSRQ WKH EDQN PDWHULDO DQG LQFUHD
\QQ HW DO /IDZOHU &RXSHU DQG ODGGRFN 'HSHQG
SURGXFLQJ WKH ZHDNHU XSSHU OD\HU DQG WKH K\GURORJLF UHJL]
ZHDWKHULQJ DQG GHWULWLRQ L H FRPBOMHRE\MRFOXY RQ ®WDJH

LQGLYLGXDO VHDVRQ 7KLV FDQ WKHQ OHDG WR PDVV IDLOXUHYV D¢
SUHSDUDWLRQ IOXYLDO HURVLRQ DQG PDVV HURVLRQ LQ VWUHDP
E\ ODGGRFN DQG &RXSHU 6XWDUWR HW DO 5LQDOGL DQ

J)LIXUH&\FOH DQG VWDJHV RI ZHDWKHULQJ JRYHUQLQJ HU

7KLY DOVR LQGLFDWHYVY WKDW WKH HURGLELOLW\ SDUDPHWHUYV RI !
QHFHVVDULO\ WKH SURSHUWLHV WKDW FRQWURO WKH SURJUHVVLEF
6WDIJHLIXKWHWKH HURGLELOLW\ SDUDPHWHUYVY ZLOO FRQWURO HURY)



UHPRYHG KRZHYHU D QRQ WULYLDO FRPSRQHQW RI HURVLRQ ZLW
TXLFNO\ WKH 7\SH 5HJLRQ LV UHSOHQLVKHG PRYLQJ IURP 6WDJH

JUHTXHQF\ RI ZHDWKHULQJ DQG GHWULWLRQ F\FOH RI FRKH

:KLOH WKH ZHDWKHULQJ SURFHVVHV DFWLQJ XSRQ WKH VXUIDFH R
GULYHQ ZDWHUVKHG FKDUDFWHULVWLFV ZLOO)URYHUY WKH IUHTX
FRPSOHWHG ,Q VFHQDULRV LQ ZKLFK WKH F\FOH LV FRPSOHWHG P
F\FOH ZLOO SOD\ D ODUJHU UROH LQ EDQN HURVLRQ

6PDOOHU ZDWHUVKHGY KDYH VKRUWHU K\GURJUDSKV FRPSDUHG W
F\FOH RI ULVLQJ DQG IDOOLQJ VWDJHVY DQG D PRUH IUHTXHQW UH |
ODUJHU ZDWHUVKHG ) I$MX G HWPRH XWEDWMHOWIORQ RI D VPDOOHU ZDW]
VWRUPZDWHU PDQDJHPHQW FRQWUROV LQ SODFH H[DFHUEDWHV W
VXEDHULDO ZHDWKHULQJ SURFHVVHV &RQYHUVHO\ LQ ODUJHU ZD
LV PRUH QDWXUDO DWWHQXDWLRQ RI IORZV DV IORRG ZDYHV GLIIX
UHVXOWY LQ D ORZHU OLNHOLKRRG RI LQGLYLGXDO K\GURJUDSKYV
LQ SDUWLFXODU GXULQJ WKH IUHVKHW SHULRG FRUUHVSRQGLQJ W
IUHTXHQF\ RI WKH ZHDWKHULQJ DQG GHWULWLRQ F\FOH HOLFLWYV (
F\FOH DQG KLJKHU LPSRUWDQFH RQ WKH 7\SH HURGLELOLW\ SDUL

,Q WKH FDVH RI *5/ WKH FDWFKPIHDV XVED §PHOZDWNRBVKHG ZLWk
PDQDIJHPHQW IDFLOLWLHYVY WR DWWHQXDWH IORZV 7KHVH FKDUDFW
F\FOHNLIRUHSDUWLFXODUO\ LQ WKH HDUO\ VSULQJ VHDVRQ ZKHQ QH
VQRZPHOW UXQRII DUH DW D SHDN 7KLV K\GURPRGLFDWLRQ FDQ D
GULYLQJ IRUFHVY UHVSRQVLEOH IRU HURVLRQ DW WKH WLPH RI \HD!
VPDOO VL]H DQG KLJK OHYHO RI XUEDQL]DWLRQ ZLWKLQ *5/ UHSUH
ZHDWKHULQJ DQG GHWULWLRQ F\FOH PD\ SOD\ RQ WKH HURVLRQ U



J)LIXUH ,QIOXHQFH RI ZDWHUVKHG VL]H RQ WKH LPSRUWDQI

) XUWKHU LQ ZDWHUVKHGV ZKHUH WUDGLWLRQDO VWRUPZDWHU PD
WR DWWHQXDWH WKH HOHYDWHG UXQRII ITURP XUEDQL]J]HG ZDWHUVI
UXQRII 5DLQ HYHQWYV WKDW RFFXUUHG SUH K\GURPRGLILFDWLRQ
VWRUDJH RU LQILOWUDWLRQ FDSDFLW\ DQG LQ WXUQ ZRXOG QRW |
QRZ UHGLUHFWHG WR D VWRUDJH EDVLQ DQG HPLWWHG DV VWUHD
UHVXOWY LQ DQ LQFUHDVH LQ VWDJH DQG FRPSOHWLRQ RI WKH ZH
K\GURPRGLIFDWLRQ VFHQDULR ZKHUH QRQH H[LVWHG LQ WKH SUH
WKLV $QQDEOH HW DO REVHUYHG EDQNIXOO IORZV WR RFFXL
$ VLPLODU LQFUHDVH LQ IUHTXHQF\ LQ IORZV EHORZ EDQNIXOO ZR
F\FOH DFWLQJ RQ WKH ORZHU EDQN WLHUV DQG PD\ DOVR DFW WR
WKH ZHWWLQJ DQG GU\LQJ F\FOH 2QFH WKHVH GLVWXUEDQFHV RF
WKURXJK WLPH ZLWK WKH GHYHORSPHQW RI IHHGEDFN ORRSV H J
DUHD IRU VXEDHULDO SURFHVVHV WR DFW XSRQ ZLGHU FKDQQHOV
OHYHOV DQG PRUH VXEDHULDO H[SRVXUHV DV WKH ULYHU V\VWHP
DWWHPSWV WR HVWDEOLVK D QHZ TXDVL HTXLOLEULXP



&KDSWHU
&RQFOXVLRQV

PLQL -(7V ZHUH SHUIRUPHG VSDQQLQJ VWXG\ VLWHV DQG Gl
WR FKDUDFWHUL]H GLIIHUHQFHV LQ UHVLVWDQFH WR IOXYLDO HUR
PD\ DULVH ZKHQ PDWHULDOV DUH H[FHVVLYHO\ VWRQ\ ODPLQDWH(
PHWKRGRORJ\ FDQ DGHTXDWHO\ FROOHFW UHSUHVHQWDWLYH GDW
VKHDU VWUHVV PRGHO 7R RYHUFRPH SRWHQWLDO OLPLWDWLRQV |
KHWHURJHQHLW\ DORQJ WKH GHSWK SURILOH RI WKH -(7 VFRXU KR
UHSUHVHQWLQJ WKH VXUILFLDO ZHDWKHUHG OD\HU 7\SH DQG R(
PDWHULDO 7\SH )XUWKHU DQ XQFHUWDLQW)\ DQDO\VLV ZDV FRF
IUHTXHQF\ Rl PHDVXUHPHQWY GXULQJ WKH -(7 DIIHFW WKH HURGLE
6FRXU '"HSWK DQG /LQHDU 5HJUHVVLRQ VROXWLRQ WHFKQLTXHV
%DVHG RQ WKH UHVXOWV RI WKLV LQYHVWLJDWLRQ WKH IROORZL(

X 5XQQLQJ PLQL -(76 IRU VKRUWHU GXUDWLRQV LQFUHDVHV WKH

SDUDPHWHUV HVWLPDWHG IURP WKH PLQL -(7 UHJDUGOHVV RI
WKLV GRHV QRW FKDQJH KRZ D VLWH LV FKDUDFWHUL]JHG XQOl
PLQXWHV 7KH HURGLELOLW\ SDUDPHWHUV HVWLPDWHG XVLQJ
VHQVLWLYH WR FKDQJLQJ WHVW GXUDWLRQV RI WKH VROXWLR
X $ KLIKHU IUHTXHQF\ RI VFRXU GHSWK PHDVXUHPHQWY HDUO\ L
FRHIILFLHQW WKDW LV HVWLPDWHG IURP DOO VROXWLRQ WHFI
ODWHU LQ WHVWYV KDV D QHJOLJLEOH LQIOXHQFH RQ WKH HUR
VHIPHQWDWLRQ 7KH /LQHDU 5HJUHVVLRQ VROXWLRQ WHFKQL
DUH WKH PRVW VHQVLWLYH WR WKH IUHTXHQF\ RI PHDVXUHPH
RQ PDWHULDO FKDUDFWHUL]DWLRQ RQ D VLWH VFDOH LI WKH -
X ,QFRUSRUDWLQJ WHVW VHIJPHQWDWLRQ LQWR -(7 DQDO\VLV DC
ZHDWKHULQJ WKURXJK WKH VXUURJDWH DWWULEXWH Rl WKH C
7\SH UHJLRQ PRUH FORVHO\ DOLJQ ZLWK WKH DVVXPSWLRQ R
DQDO\VLYVY 6HJPHQWLQJ -(7 GDWD VKRXOG EH FRQVLGHUHG DV
IXWXUH LQYHVWLIJDWLRQV GXH WR WKH PRUH UHDOLVWLF UHS



DELOLW\ WR REWDLQ LPSRUWDQW LQIRUPDWLRQ SHUWLQHQW
HURVLRQ

8VLQJ WKH GHSWK RI WKH 7\SH UHJLRQ DV D VXUURJDWH IRU
GHPRQVWUDWHG WKDW VXEDHULDO WHVWYV KDYH D KLJKHU PH
ZHDWKHUHG PDWHULDO )XUWKHU WKHUH LV D JUHDWHU SUH\
WKLUGYV RI VWUHDPEDQNYV FRPSDUHG WR WKH ERWWRP WKLUG
SHUIRUPHG GXULQJ WKH VXPPHU PRQWKYV FRQFOXGH WKHUH D
ZHDWKHUHG PDWHULDO EHWZHHQ JHRORJLF XQLWV LQGLFDWL
VSHFLILF SURFHVVHY DQG LV QRW JRYHUQHG E\ ZKLFK JHRORJ
+DOWRQ 7LOO KDV D ORZHU PHDQ FULWLFDO VKHDU VWUHVYV |
WKH VXLWH RI RWKHU JHRORJLF XQLWYVY LQYHVWLJIJDWHG 7KLV
WKDW WKH JHRORJLF XQLW FRPSRVLQJ D VWUHDP ERXQGDU\ F
+RZHYHU WKH UHODWLYHO\ VPDOO GLIIHUHQFH 3D LQ PHD
GLITIHUHQFH LQ JHRORJ\ LV WRR VPDOO WR OHYHUDJH IRU HQJ
FROMXQFWLRQ ZLWK WKH UDQJH RI YDOXHV DW LQGLYLGXDO V
WKH VHDVRQDO YDULDELOLW\ LQ WKH ZHDWKHUHG VXUILFLDO
'LITHUHQW ORFDWLRQV ZLWKLQ D VWUHDPTV FURVV VHFWLRQ ¢
HURVLRQ KRZHYHU WKH\ DUH OLNHO\ VLWH VSHFLILF DQG ED
FOLPDWRORJLF SURSHUWLHYV RI WKH VLWH 7KLV LV DQ LPSRU
HURVLRQ ZLOO SURJUHVYV VXJIJHVWLQJ WKDW GLIITHUHQW UHJL
GLVWLQFW SDUDPHWHUY DQG WKDW WKHVH SDUDPHWHUYV VKR
5HVvXOWYV I[URP WKLV LQYHVWLIJDWLRQ LQGLFDWH WKDW DQ HQ
VXUIDFH RI FRKHVLYH PDWHULDO LQ WKH HDUO\ VSULQJ ZKLFK
ZLWK REVHUYDWLRQV PDGH E\ RWKHUV UHJDUGLQJ WHPSRUDO
PDWHULDOV LQ RWKHU JHRJUDSKLF UHJLRQV &ULWLFDOO\ Wt
PDWHULDO UHDGLO\ DYDLODEOH IRU GHWULWLRQ LV FRQVWUD
PDWHULDO KDV QRW EHHQ VLJQLILFDQWO\ DOWHUHG E\ WKH Z
HURGLELOLW\ SDUDPHWHUV LQ WKH VSULQJ DV LW GRHV LQ W
7KH LPSRUWDQFH RI WKH ZHDWKHULQJ GHWULWLRQ F\FOH RI1 \
ERXQGDULHYV LV OLNHO\ UHODWHG WR ZDWHUVKHG FKDUDFWH!



KLOH WKLY LQYHVWLIJDWLRQ LQGLFDWHG D GLIIHUHQFH LQ PHDQ |
PDIJQLWXGH RI WKH GLIITHUHQFH FRPSDUHG WR VLWH VFDOH YDULD
)JXUWKHU WKH LPSRUWDQFH RI VHDVRQDO YDULDWLRQV LQ VXUILF
LOQVWDQFHY D PRUH SHUWLQHQW FRQVLGHUDWLRQ LV KRZ PDWHUL
ZHDWKHULQJ SURFHVVHV UDWKHU WKDQ WKHLU FKDUDFWHUL]DWLF
7KLV VXJIJHVWYV WKDW VLPSO\ GHVFULELQJ D FRKHVLYH PDWHULDO
ZDWHUVKHG PDQDJHPHQW LQ 2QWDULR ZLOO XQGHUHVWLPDWH WK
QHIJOHFW RI ZHDWKHULQJ 7KLV XQGHUHVWLPDWLRQ ZLOO EH PRUFEL
ZHDWKHULQJ RI PDWHULDO LV H[SHFWHG WR SOD\ D ODUJHU UROH
WKDQ WKH HURGLELOLW\ SDUDPHWHUV RI WKH XQGHUO\LQJ PDWHL
RI WKH VXUILFLDO ZHDWKHUHG PDWHULDO LW LV KLIKOLJKWHG WK
VKRXOG EH FKDUDFWHUL]HG GXULQJ WKH VHDVRQ DQG FRQGLWLRC
EH HISHFWHG WR XQGHUJR GHWULWLRQ ,Q WKH FRQWH[W RI FRQY
2QWDULR FRPELQHG ZLWK VHDVRQDO IUHVKHW HYHQWY WKH ZHDW
FRXSOHG ZLWK HOHYDWHG IORZVY UHVXOWLQJ IURP D PHOWLQJ VQF
UHVLVWDQFH WR HURVLRQ VKRXOG EH FKDUDFWHUL]JHG GXULQJ WEK



&KDSWHU
SHFRPPHQGDWLRQV IRU )XWXUH 5HVHDUF
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9RO Ss ‘2, $6&(

2VWHUNDPS :5 3 +HLOPDRRQRPREHRQVLGHUDWLRQV RI D FRQWLQ
PRQLWRULQJQSWHRUQDWLRQDO -RXUQDIRB| 6HGLPSH QW 5HVHDUFK

3DDVZHOO &DXVHV DQG OHFKDQLVPV RI &RKHVLYH 6RLOZDURVLRQ
SHVHDUFK %RDUG 6SHFLDO 5HSRUW

3DQDJLRWRSRXORV * * 9RXOTROWIL\QI0%HERMHORDFOD\ RQ WKH WKUF
RI ILQH VD Q@RDEMIO (QJLQHHULQJ 9RO SsS '2, KWWS

3DUFKXUH 70 $- QBRWIRQ RI VRIW FRKHYVLRKWOIBQ R QWGE DRV EW
(QJLQHHULQJ 9RO Ss '2, KWWSV GRL RUJ

3DUWKHQLDGEMRVLRQ DQG GHSRVLWLRO ®RI 'ERKEV¥&YHIRRLOV SS

3DUWKHQLDGHV ( BPURDDEAHDQ W\ RI FKDQQHOV-RXW®DFR RHW.LKH ER:
+\GUDXOLFV 'LYLVLRQ 9RO SS ‘2, -<&($-

3DXO 0- -/ OH\BWUHDPV LQ WKH 83UEDXD M QBYIEMSRI (FRORJ\ DQG ¢
9RO SsS '2, KWWSV GRL RUJ DQQXUHY HFROV\V



B3LNH / 6- *DVNLQ 3 )/KPHRWHVWY RQ IOXYLDO HURVLRQ PHFKDQL
(DUWK 6XUIDFH BURFHVVHYV DQG /DQGIRUPV 9RO SS ‘2,

BL]I]XWR $Q HPSLULFDO PRGHO RI HYHQW VFDOH(FDQJQN-IK/I.GYKHJIEDIF(BIN [
BURFHVVHYV DQG /DQGIRUPV 9RO SS ‘2, HVS

SDMDUDWQDP 1 6URMLWDRREA LPSLQJLQJ FLURXO0OQDOVKIUEVGAUHDX\W L-F
(QJLQHHULQJ 9RO Ss '2, KWWSV GRL RUJ

5DMDUDWQDP 1 .$ ODIXQBMNPHQW RI FLUFXODU WXUEXBKQQYDWMWHWV
RI +\GUDXOLF 5HVHDUFK 9RO SS ‘2,

5DMDUWDQDP 1 '= =KX UBEXBBIQFH PHDVXUHPHQWY LQ WKH LPSLQJ
MH®DQDGLDQ -RXUQDO RI &LYLO (QJLQHHULQJ 9RO Ss

5DXGNLYL $- '/ +XWBRM.RQ@ RI .DROLQLWBURFIIHRZLQIVZRBWWKH 5R\
6RFLHW\ RI /RQGRQ 6HULHV $ ODWKHPDWLFDO DQG 3K\VLFDO 6FL
KWWSV GRL RUJ UuvsSbD

5DXGNLYL $- 6. (DRVLRQ RI &RKRXUWYHD 6RRIOMGUDXOLF 5HVHDUFK
‘2, KWWSV GRL RUJ

5HGGL /1 ,0 /HH 096 ®WREP®DWLVRQ RI ,QWHUQDO DQG 6XUIDFH (UR
7HVWV RQ D 6DQG .DMHRWHMKH DEPOXTUHVWLQJ -RXUQDO 9RO
*7_ -

5LQDOGL 0O 6( 'DREEHOOLQJ ULYHU EDQN HURVLRQ SURFHVVHYV DQG

SURJUHVYV WRZDUGV IX0O0OUPFRXKS OHGE VIIPYXHODWILRQVRP 3URFHVYV 8

5LYHU 5 HVWRUDWLRQ 'HYHORSPHQWYV LQ (DUWK VXUIDFH 3URFH)
6

5RKDQ . * /HIHEYUH 6 'RXYLPOHZ -BHEFEKQHWXVHWR (YDOXDWH (URVI
ODWHUHROWNHFKQLFDO 7THVWLQJ -RXUQDO 9RO SS ‘2,

5RVH &: -0 200H\ $ +DGGDGFKL $3 %Q FOROWHU QBWRKRQOQPHWKRG IR
LOWHUSUHWLQJ MHW HURVLRQ WHWK 6XUIGPNBURBPHYW HV7RRBUN
SS ‘2, HVS

6DGR (9 8- 9DJQ@AKDWHUQDU\ *HRORJ\ RI WKH /XFRQVWDHUDR 6RX W KH
OLQHYV 3UHOLP O0ODS 3 *HRO 6HU VFDOH *HRORJ\

6DOHP + &' SH@UIDHFWLFDO '"HWHUPLQDWLRQ RI &ULWLFDOQ®KHDU |
Rl +\GUDXOLF (QJLQHHULQJ 9RO ‘2, $6&( +<

6DOHP +$% SUDFWLFDO DSSURDFK WR WKH WYURGWPBPMWLIRQ R FR®MH\DL
UHTXLUHPHQWY RI D '"RFWRU RI 3KLORVRSK\ LQ &LYLO (QJLQHHUL



6KDUSH '54XDWHUQDU\ JHRORJ\ R2 QWKDHU DRJ KIDROIRUHBD O 6 XUYH\ 28
5HSRUW 002sS

BKHUDUG -/ /3 'XQQLJDQ 56 'HANKROHW FWHWORU ,GHQWLI\LQJ 'LV
-RXUQDO RI *HRWHFKQLFDO (QJLQHHULQJ 9RO SsS

BKLHOGV $QZHQGXQJ GHU $HKQOLFKNHLWVPHFKDQLN XQG GHU 7XL
*HVFKLHEHEHWIZIMMWQIUHXVYV 9HUVXFKVDQVW :DVVHUEDX 6FKLIIEL
WUDQVODWLRQ E\ :3 2WW DQG -& YDQ 8FKHOHQ 9RO SS 8 6
IDE &DOLI ,QVW RI 7THFKQRO 3DVDGHQD

BKLHOGV )' 5( /LJRWWH 66 .QLJKW ZRHARWSHDP FKOPRIHO LQFLVL
DQG ZDWHUYFRORILWDO (QJLQHHULQJ 9RO Ss ‘2,
M HFROHQJ

6KXJDU ' 5 .RVWDVFKXN 3 $VKPRUH ,Q5VHW®RRIHW WBMWUEJI RI WK
UHVLVWDQFH RI FRK&DNQ Y B L\DVQU-HRIXRJEFDGEV R1 &LYLO (QJLQHHULQJ
GRL o)

6LPRQ $ $ ORGHO RI &KDQQHO 5HVSRQVH LQ(DLUMKK 6 EH @D BB BXRIFH
DQG /DQGIRUPV 9RO SS ‘2, HVS

6LPRQ $ $GMXVWPHQW DQG 5HFRYHU\ RI 8QVWDEOH $0OOXYLDO &K|
IRU (QJLQHHULQJ (DMK MRHOQDWFH 3URFHVVHV DQG /DQGIRUPV 9R

6LPRQ $ -& &ROGIRMRQZDWHU 3UHVVXUH HIITHFWV RQ GHWDFKPHQV
VHHSDJH IRUFHV DQE B DA BLXFUVIXFWBERFHVVHY DQG /DQGIRUPV
'2, KWWSV GRL RUJ HVS

6LPRQ $ / .OLPFHMIDWLYH PDJQLWXGHV DQG VRXUFHV RI VHGLPHQ
&RQVHUYDWLRQ (I1HFW VROMIVQIVY FRH GW LU RRBFWWHU &RQVHUYDW
'2, MV ZF

6LPRQ $ 5( 7TKRPDV / &RPSDW|LVRQ DQG ([SHULHQFHV ZLWK )LHOG

OHDVXUH &ULWLFDO 6KHDU 6WUHVV DQG EWRGE HEH.GLQUWV RR I &RKH V C

JHGHUDO ,QWHUDJHQF\ &RQIHUHQFH RQ 6HGLPHQWDWLRQ DQG +\
-XQH% -XO\

6PHUGRQ (7 53 %HKWOHIDFWLYH )RUFH 7KHRU\ $SSOLHG WR 6WDE
&RKHVLYS8QARIHWWLW\ RI OLVVRXUL &ROOHJH RI $JULFXOWXUH $J
SHVHDUFK %XOOHWLQ

6WHLQ 2 5 3< -XOLHQ OF MDRIFMRRI MHW VFRXU GR2QMWDWHRP RI I
+\GUDXOLF 5 HVHDUFK 9RO SS ‘2,



6WHLQ 25 11 1R®/IWQJILQJ -HW &DOLEUDWLRQ RI ([FHVV 6KHDU 6HGL
7UDQV $6%$%( 9RO SS ‘2,

6XWDUWR 7 $1 3DSDQLFRODRX &* :6\WB RO I( WIDIQIMHM\ERW @RI 6HPLF
6WUHDPEDQNYV ZLWK &21&(376 &RXSOLQJ )LHOG DQG /DERUDWRU
Rl )OXYLDO (URVLRQ PDRXGUQDWV RDtEOAWMHXOLF (QJLQHHULQJ 9RO
$6&( +<

7KRPDQ 5: 6/ 1LH]JRWBIUPLQLQJ (URGLELOLW\ &ULWLFDO 6KHDU ¢
'LVFKDUJH (VWLPDWHV IRU &RKHVLYH &KDQQHOV &DVH BWXG\ LQ
-RXUQDO RI +\GUDXOLF (QJLQHHULQJ 9RO Ss '2,
KWWSV GRL RUJ $6&(

7TROKXUVW 7- .6 %ODFN 6% 6KD\OHU 6 ODWKHOHDP YOOWLEN] Wt N il
VLWX HURVLRQ VKHDU VWUHVYV RI LOWHUWLGDO VHGLRPHQMVWOH ZL W
&RDVWDO DQG 6KHOI 6FLHQFH 9RO SS ‘2, KWWSV

7TROKXUVW 7- .6 %YODFN '0 3aDWHUVRQ +- OLWFKHRPASD UYL VRIQ DBOG
PHDVXUHPHQW VWDQGDUGLVDWLRQ RI IRXU LQ VLWX GHYLFHV IR
LOQWHUWL G D&®RWWELLPHHQWIO 6 KHOI 5SHVHDUFK 9RO SS
KWWSV GRL RUJ 6

7TRUIV + (URVLRQ RI O0XG 6DRQEVOLV[WXBEBPVWWHG LQ IXOILOOPHQW RI
LQ $SSOLHG 6FLHQFHY .DWKROLHNH 8QLYHUVLWHLW /HXYHQ /H>

9DQ 3URRLMHQ %& -& $LVQOMWRRKZHWSLF IRUPXODWLRQ IRU HURVLRQ
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK 9RO & ‘2,

‘DKO 7/ $ &RPSDULVRQ Rl 7KH +ROH (URVLRRL QAW Y\H G B GD-6 WQ WRWY
&RQIHUHQFH RQ 6HGLPHQWDWLRQ DQG +\GURORJLF ORGHOOLQJ

:DKO 7/ 7KH 6XEPHUJHG -HW (URVLRQ 7HVW 3DVW 3UHVHQW )XWX
SBUHVHQWHG DW WKH 866" ,QWHUQDWLRQDO 6\PSRVLXP RQ WKH O
IHYHHY 6DOW /DNH &LW\ 87 £ $XIXVW

:DKO 7/ OHWKRGV IRU $QDO\]LQJ 6 XEPHUJHG -HW (URVLRQ 7HVW "
VRLOVDQV $6%$%( 9RO SS

:DOGHU -6LPHQVLRQOHVV (URVLRQ /DZVRIRUQKBKRIVtYGUBOXGLFHQW
9RO SS '2, KWWSV GRL RUJ $6&( +<

:DOVK &- $+ 5R\ -: )HPLQDOOD 3' &RWWLQJKDP 7KH*XREIP@Q 53 C
VWUHDP VIQGURPH FXUUHQW NQRZORXUW® DIDQ B! WWH VIRIDWAK § RH U
%HQWKRORJLFDO 6RFLHW\ 9RO SS ‘2,

? 7866&.7 &2



‘DOSROH 5( 5+ 0\HUV 6/ O\HJREDE4{HLW\ 6WDWLVWLFV IRU (QJLQ
(GLWIBRIQUVRQ (GXFDWLRQ ,QF

'DQ &) 5 )HO@QYHVWLJIJDWLRQ RI 5DWH RI (URVLR@®RUGRDOR/I LQ (PE
*HRWHFKQLFDO DQG *HRHQYLURQPHQWDO (QJLQHHULQJ 9RO
$68&

DWWV &: 7- TROKXUVW .6 %ODGNLSBX:REHWFNRUHPHQW RI HURVLRC
JHRWHFKQLFDO VKHDU VWUHQJIJWK RI WKH LOQWHUWLGDO VHGLPH(
VFKHPH DW 7TROOHVYEWXDUYVQH[] 8RDVWDO DQG 6KHOI 6FLHQFH 9F
KWWSV GRL RUJ 6

‘HLGQHU ./(YDOXDWLRQ RI WKH -HW 7HVW OHWKRG IRU GHWHUPLQ]|
FRKHVLYH VRLOV $ QXRHVLY¥D/XDOBISURBEEKLQ IXOILOOPHQW RI D |
(QJLQHHULQJ 9LUJLQLD 3RO\WHFKQLF ,QVWLWXWH DQG 6WDWH &

KLWH 2/ 4XDWHUQDU\ *HRORJ\ RI WKH % RQWQR® 8 UR DL Y6 RXIWKLHUHY
S $FFRPSDQLHG E\ ODSV DQG VFDOH O LQFK WR O P

'KLWQH\ -: 3$ *ODQF\ 6( %XFNLQJKDPHFW VKU HIEHBI XUEDQL]DWL
VWUHDPIORZ HURVLRQ DQG VHGLPHQWDWLRQ 5QWKGRSREWQWHW U
9RO Ss '2, KWWSV GRL RUJ M DQFHQH

'LOVRQ %1'HYHIDRSPHQW RI D )XQGDPHQW D O DUV B«DWIHTGN LHRQD/F R P W@
$PHULFDQ 6RFLHW\ Rl $JULFXOWXUDO DQG %LRORJLFDO (QJLQHH

'LOVRQ %1(YD@EXDWLRQ RI D )XQGDPHQW D OTU DODADHGV LIRVQ D FKIP W & I
$PHULFDQ 6RFLHW\ Rl $JULFXOWXUDO DQG %LRORJLFDO (QJLQHH

'ROPDQP 0* )DFWRUV ,QIOXHQFLQJ (URVLR ®PRIUR FORK HR/X Y € D5Q YRH U
6FLHQFH 9RO Ss "2, KWWSV GRL RUJ DMV

:ROPDQ O0* $ F\FOH RI VHGLPHQWDWLRQ DQG HHRYURQ VRDX¥EDQQOU
9RO SS ‘2,

\QQ 70 0% +HQGHUVRQ '+&KMXQUKDQLQ VWUHDPEDQN HURGLELOLW
VWUHVV GXH WR VXEDHULDO SURFHVVHVY DORQJ D KHDGZDWHU V'
*HRPRUSKRORJ\ 9RO SsS '2, KWWSV GRL RUJ

<XPRWR 0 7 2JDWD 1 0DWVXRBDYH WHBMNWMXPRAMWRH WKDZ (URVLRQ §$
ORXQWDLQ 6WUHDP 1LNNR 9ROBHQPP I$JRVDN JIPCGWSHIA JOBPICD O 3
SS ‘2, SSS



=UHLN '$ %* .ULVKQDSSDQ -7 *HUPDLQHURY IORGIVG @ Q&X 0/IDEKD QL F
BWUHQJIJWKY RI '"HSRVLWHG® XREBI LRIH+6GGR REDMWQILQHHULQJ 9F
‘2, $6&(



$SSHQGBWHXG\ 6LWHY DQG 6LWH 3KRWRV



+& 6WXG\ 6LWH

MIDDLE WISCONSINAN
THORNCUFFE FORMATION

' & Sand. AEATIRE T,
@ Cly.

EARLY WISCONSINAN I

SUNNYBROOK TILL MEALUWILLIFFE |ILL
- [ P

SCARBOROUGH FORMATION SEMINARY TILL®
- 2  Deltaic sand and clay with peat. §  Sandy clay till,

+& 6LWH *HRORJLFDO 0DSSLQJ 0DS DGDSWHG IURP .DUURZ
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+& 4XDOLWDWLYH &RPPHQWYV

7KH PDWHULDO SUHVHQW DW +& LV D OLJKW JUH\ VLOW\ FOD\ WL
PDWHULDO LV H[SRVHG DORQJ WKH EHG DQG RQ EDQNV ZLWK HU
WKH EHG LV VWLII DQG KDUG LOQVHUWLRQ RI IRXQGDWLRQ ULQJ
DQG PLGGOH RI WKH EDQN QRWDEO\ VRIWHU ODWHULDO LQ WKH
FUDFNLQJ $W +& RQH WHVW UHFHLYHG D SRRU ILHOG JUDGH DC
7KH WHVW ZLWK WKH SRRU ILHOG JUDGH ZDV H[FHVVLYHO\ LQIO>
UHVXOWLQJ LQ DQ LQDGPLVVLEOH WHVW 7ZR WHVWYV ZLWK WKH
FKDUDFWHUL]H WKH PDWHULDO :KLOH WKHVH WHVWYV ZHUH XQV.
HURGLELOLW\ SDUDPHWHUV WKH\ VWLOO SURYLGH LPSRUWDQW
PDWHULDO GRHV QRW HURGH 2QH WHVW ZDV LQIOXHQFHG E\ WK
$IWHU UHYLHZLQJ WKH GDWD FROOHFWHG GXULQJ WKLV WHVW L
PRGHUDWH ILHOG JUDGH ZDV LQIOXHQFHG E\ D VWRQH LPSHGLQ.
GXUDWLRQ WR PLOQXWHYV



)& BWXG\ 6LWH

M=

=

LEGEND
PHANEROZOIC
CENOZOIC

1

QUATERNARY

90,-—" I ﬁ | Organic Deposits: peat, muck

=
= X
r/,

X N > L 0
’ N
€ 'Fq'/
/] \ B =7 <
0y R A )
X, ) g % ‘I' Deltaic and Lacustrine Deposits: predominantly gravelly
sand and silty zand

PLEISTOCENE

LATE WISCONSIN

Older Terrace Alluvium: poorty sorted, dirty, sand and
gravel

Glacial Lake lroquois Deposits: beach gravel

Deltaic and Lacustrine Deposits: gravel to gravelly sand

Glaciolacustrine Deposits: massive to laminated silt and
_ clay; may contain poorly sorted diamicton layers

\

_ Outwash Deposits: predominantly sand
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)& 6LWH /RFDWLRQ
,PDJH UHWULHYHG IU <






)& 4XDOLWDWLYH &RPPHQWYV

7KH PDWHULDO ORFDWHG DW )& LV D JUH\ VLOW\ FOD\ WLOO ZLW
VWXG\ VLWH WKH PDWHULDO LV SUHGRPLQDQWO\ H[SRVHG DORQ
DORQJ SRUWLRQV RI WKH EHG ZKHUH WKH DOOXYLDO FRYHU LV \
JUDGH EDVHG RQ WKH LQIOXHQFH RI D VWRQH SUHVHQW DW WKH
WKH GDWD WKH WHVW ZDV GHHPHG XQXVDEOH 7KH UHPDLQLQJ
ZLWK PLQRU LQVWDQFHV RI ILQH JUDYHOV SUHVHQW LQ WKH VFF
DORQJ HGJHV RI VFRXU KROHYV



LEGEND

/1& 6WXG\ 6LWH

- Stream Alluvium: gravel, send, silt and clay

15 Bog and Swamp Deposits: peatl, muck and marn

PLEISTOCENE
LATE WISCONSINAN
UNDIVIDED

Lacustrine Deposits: st and clay
Outwash Sand: wull sorted, fine sand and/or gravel to

coarse cand and/or gravel tosured

Outwash Gravel: well sorted, fine gravel and/or sand tc
medium gravel and'or sand textured
oo contaot Band: poorly to well oorted, fino cand and/or gr
to ccarse sand and/or graval textured

ke-contect Gravel: poorly to weil sored, fine gravel and/or
to coarse gravel and/or sand texiured

PORI BRUCE STADE
ELMATILL: 3ty to sandy il
WARTBURG TILL: clay il
STRATFORD TILL: sandy st Lill
i MORNINGTON TILL: sity clay til
PORT STANLEY TiLL: sandy lo silty till
TAVISTOCK TILL : cayey silt till

MARYHILL TILL: day tl

Undifferentiated Till': sandy lo clayey Slla

/1& 6LWH *HRORJLFDO 0DSSLQJ ODS DGDSWHG IURP .DUURZ
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/11& 4XDOLWDWLYH &RPPHQWYV

7KH PDWHULDO DW /1& ZDV D OLJKW EURZQ FOD\H\ WLOO ZLWK Il
SUHGRPLQDQWO\ SUHVHQW DORQJ EDQN WRHYVY DQG D IHZ VHFWL
VRPHWLPHY SUHVHQWHG ZLWK D IUDJLOH SRFNPDUNHG VXUIDFH
SRFNPDUNHG PDWHULDOYTV FKDUDFWHULVWLFV ZLWK WKH PLQL -
LQVHUWLRQ $W /1& WZR WHVWV ZHUH DVVLJQHG ILHOG JUDGHYV
UHVXOW RI YHIJHWDWLYH SUHVHQFH DORQJ WKH SHULSKHU\ RI W
DGPLVVLEOH KRZHYHU WKH RWKHU ZDV H[FHVVLYHO\ LQIOXHQF
ZDV GHHPHG LQDGPLVVLEOH



10% 6WXG\ 6LWH

LEGENDPH

- Stroam Alluvium: gravel, sand, silt and clay
- Bog and Swamp Deposits: peal, muck and marl

PLEISTOCENE
LATE WISCONSINAN
UNDIVIDED

Lacustrine Deposits: silt and clay

0 coarse sand
Outwash Gravel: well sortad, fine gravel and/or eand
tc medium gravol and.or gravel sand
Ice-contact Sand: poorly 10 well sored, fine sand anmdoo
gravel 1 coarse Sand and/or gravel tedured
lce-contect Gravel: poorly 1o well sorted, fine gravel and/or sand
1o coarsa gravel and/or sand texturad

(5]

Outwash Sand: well sorted, fine sand and/or gravel
anajcr graval lextured

PORT BRUCE STADE

ELMA TILL: ity to sandy til

=

T EEN T

WARTBURG TILL: clay til

STRATFORD TILL: sandy sit till

MORNINGTON TILL: sity clay til
PORT STANLEY TILL: sandy to silty til
TAVISTOCK TILL : clayey siittll

MARYHILL TILL: clay til

A . . ¢ Undifferentiated TIlI: sandy to clayey fills
10% 6LWH *HRORJLFDO 0ODSSLQJ ODS DGDSWHG IURP .DUURZ



"10% 6LWH /RFDWLRQ
,PDJH UHWULHYHG IU <






10% 4XDOLWDWLYH &RPPHQWYV
$W 10% WKH PDWHULDO LV OLJKW JUH\ ZLWK D KLJK FOD\ FRQW!
VOLJKWO\ GDUNHU WRQH WKDQ WKH VXEPHUJHG PDWHULDO 7KH
SURQH WR EORFN VHSDUDWLRQ EXW QR ODPLQDWHG OD\HUV ZH
EDQN WRHV VHFWLRQV RI WKH EHG DQG DORQJ FXWEDQNV $W 1
JUDGH DQG IRXU WHVWV ZHUH DVVLJQHG SRRU ILHOG JUDGHV 7
JUDGH KDG ERUGHUOLQH DPRXQWV RI VFRXU WR VXIILFLHQWO\ F
VXIILFLHQW DIWHU FRQVLGHULQJ WKH GDWD 7KUHH RI WKH IRXL
LQIOXHQFHG E\ EORFN VHSDUDWLRQ DQG WKH VXEVHTXHQW LPS|
RI WKH VFRXU KROH 7KHVH WHVWV ZHUH LQDGPLVVLEOH 7KH O]
VKLIWLQJ RI WKH IRXQGDWLRQ ULQJ GXULQJ WKH WHVW VXFK WK
ZDV DOVR XQXVDEOH



17/ 6WXG\ 6LWH

Outwash Gravel: wa! tamas fra and'or sand
12 medum graved andior gravel sand
lce-contact Sand: poordy tn sl sored, fine sanc and'or
gravel to coanse sand andor graved te
lce-coniact Gravel: poorly to well sorted, fire grensel andd
I a0aree gravel Ana'or Band lemre:

PORT BRUCE STADE
ELMA TILL: sity 1o sandy Ul
WARTBURG TILL: clay nil
STRATFORD TILL: sandy sit 1l

MORNINGTON TILL: silty clay Wl

PORT STANLEY TILL: sandy % silty 4!
TAVISTOCK TILL @ clryey sitt sh

MARVHILL TILL: clay 6l

Unditferentiated TS sandy 10 caysy tille
17/ 6LWH *HRORJLFDO 0DSSLQJ 0DS DGDSWHG IURP .DUURZ
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17/ 6LWH /RFDWLRQ
,PDIJH UHWULHYHG 1U «



17/ 4XDOLWDWLYH &RPPHQWYV
7KH PDWHULDO SUHVHQW DW 17/ LV D OLJKW EURZQ FOD\H\ PDW|
JUDYHOV 7KH VXEDHULDO EDQN PDWHULDO ZDV REVHUYHG WR E
6RPH EORFN VHSDUDWLRQ ZDV REVHUYHG GXULQJ WKH PLQL -(7\
PRGHUDWH JUDGH GXH WR WKH SUHVHQFH RI D VWRQH LPSHGLQ.
WHVW 7KH GDWD FROOHFWHG SULRU WR WKLV REVHUYDWLRQ ZLC
QRWDWLRQ Rl WKH SUHVHQFH Rl WKH VWRQH WKH WHVW UHVXOV
GXUDWLRQ 7KH UHPDLQLQJ WHVWV ZHUH DVVLJQHG JRRG ILHOG
LQVWDQFHV RI WKH PD[LPXP VFRXU RFFXUULQJ VOLJKWO\ RIl FH
QRWDWLRQV RI SRWHQWLDO DEUDVLRQ



*7 BWXG\ 6LWH

LEGEND

PLEISTOCENE
LATE WISCONSINAN

Alluvial fan gravel
Beach gravel
Lacustrine and outwash sand

Lake deposits: stratified to varved clay, silt, and
fine sand

Halton Till: clay or silt till

Outerop complex: bouldery till and bedrock
ridges

lce-contact sand: kames and eskers
Outwash gravel

|ce-contact gravel: kKames ana esxers
Wentworth Till: stony, sandy, silt till

Port Stanley Till*: silt to sandy silt till
Maryhill Till*: clayey silt till
Catfish Creek Till*: stony, sandy, silt till

QLW ) Ny
h E; R ;; ?—Q" N, . ~ v - AN W L T
*7 6LWH *HRORJLFDO 0ODSSLQJ ODS DGDSWHG IURP .DUURZ



*7 6LWH /RFDWLRQ
'PDJH UHWULHYHG IU «



*7 AXDOLWDWLYH &RPPHQWYV
7KH PDWHULDO ORFDWHG DW WKH WULEXWDU\ WR *ULQGVWRQH
KLIJKHU SUHVHQFH RI ILQH JUDYHOV FRPSDUHG WR WKH RWKHU \
REVHUYHG WR EH VRIWHU ZLWK D QRWDEOH HDVH RI LQVHUWLRC
RI WKH WHVWY ZHUH DVVLIJIQHG D PRGHUDWH ILHOG JUDGH 7KF
JUDYHOV FDXVLQJ H[FHVVLYH DEUDVLRQ DQG DUPRULQJ WKH ER’
ILHOG GDWD WKH\ ZHUH GHHPHG LQDGPLVVLEOH DQG XQXVDEOF
WHVWV DW WKLV VLWH KRZHYHU WKH\ ZHUH GHHPHG QRW WR H
SHUIRUPHG RQ WKH VORSHG EDQNVY DYRLGHG WKH DUPRULQJ RI
JUDYLWDWLRQDO IRUFHVY UHPRYLQJ SDUWLFOHV IURP WKH KROH



7&+ 6WXG\ 6LWH

LEGEND®*

Y - Stroam Alluvium:  gravol, send, silt and clay

Bog and Swamp Deposits: peat, muck and mar

PLEISTOCENE
TATE WISCONSINAN
UNDIVIDED

14 Lacustrine Deposits: silt and ciay

| 18 Outwash Sand: well sorted. finc send and/or grevel to
: coarse sand end/or gravel textured

| 12 Outwash Gravel: well sorted, fine gravel and/or sand to

- madium gravel andior sand textured

lee-contect Sand:  poorly 1o well sorted, fino sand and/or gr
{0 cuarse sand andfor gravel lextured

ke-contect Gravel: poorly 1o well sorted, fine gravel and/ar
to coarse gravel and/or sand textured

PORT BRUCE STADE

ELMA TILL: sty to sandy til

WARTBURG TILL: clay til
STRATFORD TILL: sandy sittill
MORNINGTON TILL: ity clay til
PORT STANLEY TILL: sandy to silty till
TAVISTOCK TILK : cayay sitt till

MARYHILL TILL: day ti

. T Undifferentiated TIIr: sandy 1o clayey ilis
7&+ 6LWH *HRORJLFDO ODSSLQJ ODS DGDSWHG IURP .DUURZ
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7&+ 6LWH /RFDWLRQ
,PDIJH UHWULHYHG 1U «



7&+ 4AXDOLWDWLYH &RPPHQWYV

7KH PDWHULDO SUHVHQW DW &+ LV D EURZQ GDUN JUH\ ILQH JU
6XEPHUJHG PDWHULDO KDG D VOLJKWO\ OLJKWHU KXH RI JUH\ FF
FUDFNLQJ ZzDV REVHUYHG DORQJ SRUWLRQV RI WKH PDWHULDO Z
WKUHH WHVWY ZHUH DVVLIJQHG ILHOG JUDGHV RI PRGHUDWH DQ(
PRGHUDWH ILHOG JUDGHYV ZHUH DVVLIQHG GXH WR WKH VKRUWH
PD[LPXP VFRXU EHLQJ UHDFKHG UHODWLYHO\ HDUO\ LQ WKH WH\
E\ D 3QDUURZ DQG GHHS” VFRXU KROH DQG VWRQHV LQIOXHQFLQ
LOQDGPLVVLEOH WHVW
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'&% 6LWH *HRORJLFDO

LEGEND

I4a Modern alluvium, unsubdivided:

sand, gravel,

sift, sand, , clay, muck.
146 Modern alfuvium; mainly graveland
gravolly sand,

Bog degosits: much, peal, marl.

WISCONSINAN

Oicer aliuvium in terrace remnants :
oravel, sand.

Glaciviscustrine beach deposits,
mainly Lake Warren :ﬂﬂ' YOUNQEr

Glaciolacustring deep waler sedi-
mants, ma Lake Warren and
younger: ind o vareed Uil and
cilay, minor sand.; locally overialn by
veneer of sand.

Sand.
Glaciolacusirine shallow water and

HALTON TILL: calcareous grey fo
yetlowish brown silt til.

Glaciolluvial outwash and deltei
depodils; gravel, and pravelly sand
in many places ovenlain by several
foat of sand.

fee-contact deposits: mainly kame
gravel.

WENTWORTH TILL: stony, silty,
sand fill; in many places modified

on swrface,

WENTWORTH TiLL, sciutheasiern
facies: loam till.

WENTWORTH TILL, fine-grained
facles(?): clay till,

River or siream section: may include
5,4, 3,2 and stratified sediments.

PORT STANLEY TILL: sit bd,

River of slfeam sechion: include
da, 3, 2, associsled sirafified sedi-
ments and sorme maferialolder than 2.

0DSSLQJ 0DS DGDSWHG IURP &RZDOQ



'&% 6LWH /RFDWLRQ
,PDIJH UHWULHYHG 11U «
























































































































































































































































































































































































































































































































































































































































































































